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SUMMARY 
Market requirements for export grapes are consumer-driven and based on characteristics such as 
bunch size, bunch colour uniformity, berry size and distribution, seedlessness, flavour profile, texture 
and eating quality. In order to meet these requirements, the use of plant growth regulators (PGRs) 
has become an essential tool in producing grapes of high export quality, while contributing to 
reducing labour costs required for manual thinning or girdling to increase berry size. Increased costs 
associated with the production of table grapes, along with high expectations to meet increasing 
market demands, require attention to minimise input costs with the effective use of PGRs. The 
response of cultivars poses a challenge, as cultivars react differently towards a PGR application. 
Apart from cultivar response, the application timing and concentration used for the specific PGR also 
contribute towards the efficacy of the treatment applied.  
Limited research publications are available on the effect of GA4+7 used for thinning on table grapes, 
as well as the effect of GA3 and GA4+7 applications on rudimentary seed size and return fertility of 
specifically Sunred Seedless, but table grapes in general as well. The study aimed to determine 
whether an alternative gibberellic acid structure, GA4+7, could be used as a chemical thinning agent 
for cultivars that respond poorly to GA3 in order to improve bunch quality without negatively affecting 
the return fertility.  
The study was performed during the 2015/2016 and 2016/2017 growing seasons on 15-year-old 
Vitis vinifera L. cv. ‘Sunred Seedless’ vines, grafted onto Ramsey (Vitis champinii). The experimental 
site is situated in a commercial vineyard located on the premises of the ARC Infruitec-Nietvoorbij 
experimental farm at De Doorns, in the Hex River Valley, South Africa.  
A standard GA3 concentration of 5 parts per million (ppm) was evaluated against different 
concentrations of GA4+7, ranging from 7.5 ppm to 120 ppm, adjusted over the two seasons. These 
treatments were applied at different phenological stages in order to determine the most effective 
timing for a thinning application on Sunred Seedless. Eight treatments and an untreated control were 
evaluated during the 2015/2016 season. The treatments consisted of four early thinning applications 
applied 31 October 2015 and four late thinning applications applied 4 November 2015. Both the early 
and late treatments were applied at 5 ppm GA3, 7.5 ppm GA4+7,15 ppm GA4+7 and 30 ppm GA4+7. 
The two application dates refer to a difference in the predominant phenological stage of the vineyard, 
which a producer would have used to determine the timing of a thinning application. The early 
application timing represents a predominant phenological stage of 10% berry set (10%BS) and the 
late application represents berry set (BS).  
The treatment layout for the 2016/2017 season was adjusted to accommodate increased GA4+7 
concentrations, as well as two sizing treatments. The nine treatments applied in this particular 




ppm GA4+7; 30 ppm GA4+7; 60 ppm GA4+7; 120 ppm GA4+7), a thinning and sizing (T+S) treatment (60 
ppm GA4+7 + 60 ppm GA4+7) and a sizing (S) only treatment (60 ppm GA4+7).  
Each treatment had four replicates and each replicate consisted of four vines, referred to as an 
experimental unit. Within each experimental unit the two centre vines were used as the experimental 
data unit. Field sampling was performed in the experimental data unit. Additionally, within each 
experimental data unit, bunches were categorised and marked at four phenological stages to 
determine the optimal phenological stage for application. The stages for the 2015/2016 season 
included 80-100% flowering (80-100%F), 10% berry set (10%BS), berry set (BS) and berry set plus 
four days (BS+4D). The stages for the 2016/2017 season included 50% flowering (50%F), 80-
100%F, 10%BS and BS. Five bunches per experimental data unit were marked according to the 
phenological stages identified for each season. These marked bunches were used for bunch and 
berry evaluations at harvest and were therefore left in their natural state, with no bunch preparations 
applied or any berry sampling performed on them. Bunch structure assessments were performed in 
line with a protocol developed and applied by the Viticulture Division of ARC Infruitec-Nietvoorbij. 
Applications during flowering resulted in a better thinning effect of Sunred Seedless, based on the 
bunch and berry mass measurements. Bunch and berry mass measurements at harvest didn’t result 
in a specific trend concerning a specific GA concentration and application timing combination that 
could be recommended for effective thinning of Sunred Seedless. 
Based on the subjective visual assessment of bunch compactness, applying a GA thinning treatment 
at 50% flowering is too early for Sunred Seedless, as it resulted in straggly bunches. However, the 
longer a GA thinning treatment was delayed from flowering to berry set, the less effective the thinning 
results were, resulting in more compact bunches if applied around berry set. These findings 
correspond with the results obtained for the quantitative bunch compactness measurements. The 
mean total and normal berries per cm of lateral length were reduced significantly by GA treatments 
applied during flowering. The 5 ppm GA3 treatment applied at 80-100%F resulted in the most 
effective thinning, with a significantly reduced number of total berries per cm of lateral compared to 
the untreated control. 
There was a significant increase in the mean percentage of shot berries at the 50%F and 80-100%F 
stages compared to the 10%BS and BS stages, for GA treatments applied during the 2016/2017 
season. These results indicate that Sunred Seedless has a higher sensitivity for the formation of 
shot berries when GA is applied during flowering. An increase in shot berry occurrence was observed 
with the use of higher GA4+7 concentrations and double applications at the 50%F stage. 
The sensitivity of Sunred Seedless towards GA applications applied during early flowering, along 
with poor response for GA applications applied after flowering observed in this study, confirms why 
GA thinning treatments for this particular cultivar do not give economically acceptable results. 
Reoccurring trends regarding the bunch phenological stage at the time of application were observed 




confirm that the timing of a GA applications play a fundamental role in the treatment outcome for a 
specific cultivar.  
A trend was observed that applying GA treatments during flowering resulted in decreased average 
rudimentary seed mass per berry as well as an improved rudimentary seed size distribution with an 
increased percentage of small rudimentary seeds compared to GA applied during the early stages 
of berry development. No consistent trend regarding the effect of different GA3 or GA4+7 application 
timing and rates on rudimentary seed size could be concluded over two seasons.  
Commercially acceptable bud break percentages of ≥ 80% were obtained for all treatments, 
determined through forced budding in June 2016 and 2017 as well as through actual fertility 
assessments in October 2016. A reduction in the mean number of bunches per sprouted bud was 
reported from June 2016 to June 2017 for the potential fertility assessed through forced budding. 
Potential fertility assessed through bud dissections did not follow the same trend from June 2016 to 
June 2017 as mentioned above for forced budding. The use of GA3 reduced the actual fertility of 
Sunred Seedless in this study, after one season of GA treatment application compared to the 
untreated control. Similar results were not observed for GA4+7 treatments. 
There was a poor correlation between the potential fertility determined through bud dissection and 
forced budding were reported, compared to the actual fertility determined in the vineyard. Potential 
fertility assessments are therefore not advised for crop estimations, but rather to be used for verifying 






Die markvereistes vir uitvoerdruiwe word gedryf deur verbruikervoorkere. Dit word gebasseer op 
trosgrootte, eweredige troskleur, korrelgrootte en -verspreiding, pitloosheid, die geurprofiel, tekstuur 
en eetgehalte. Om aan hierdie vereistes te voldoen, het die gebruik van plantgroeireguleerders 
(PGRs) ‘n noodsaaklikke hulpmiddel geword om druiwe van ‘n hoë uitvoergehalte te produseer. Dit 
dra by tot verminderde arbeidskostes deur handuitdunning en korrelgrootte manipulasies grootliks 
te vervang. Meer aandag moet egter gegee word aan die effektiewe gebruik van PGRs, vanweë 
stygende produksiekostes, asook met die hoë vereistes wat deur verskillende markte gestel raak. 
Die PGR-konsentrasie wat toegedien word, gekombineer met die tydsberekening van daardie 
toediening, dra by tot die effektiwiteit van behandelings. Kultivar-spesifieke reaksies teenoor PGR-
toedienings blyk egter steeds uitdagend te wees, aangesien kultivars verskillend reageer teenoor 'n 
PGR-behandeling. 
Beperkte literatuur is beskikbaar oor die effek van GA4+7 op uitdunning van tafeldruiwe asook die 
effek van GA3 en GA4+7 behandelings op pitresgrootte en opvolgvrugbaarheid van spesifiek Sunred 
Seedless, maar ook vir tafeldruiwe as geheel. Die doel van hierdie studie was om te bepaal of 'n 
alternatiewe struktuur van gibberelliensuur, GA4+7, gebruik kan word as 'n chemiese uitdunmiddel vir 
kultivars wat swak reageer op GA3, om sodoende trosgehalte te verbeter sonder om 
opvolgvrugbaarheid negatief te beïnvloed. Resultate van hierdie studie dra by tot beskikbare 
wetenskaplike gepubliseerde resultate wat handel oor die uitduneffek van GA4+7, sowel as die effek 
van GA3 en GA4 +7 op trosstruktuur, pitresgrootte en opvolgvrugbaarheid van tafeldruiwe. 
Die studie is uitgevoer gedurende 2015/2016 en 2016/2017 op 15-jarige Vitis vinifera L. cv. Sunred 
Seedless wingerd, wat op Ramsey (Vitis champinii) geënt is. Die proefperseel is geleë in 'n 
kommersiële wingerd op die perseel van die LNR Infruitec-Nietvoorbij proefplaas op De Doorns, in 
die Hexriviervallei, Suid-Afrika.  
‘n Standaard GA3 konsentrasie van 5 dele per miljoen (dpm) is geëvalueer teenoor verskillende 
GA4+7 konsentrasies, wat gewissel het van 7.5 dpm tot 120 dpm oor twee seisoene. Die 
behandelings is op verskillende fenologiese stadiums toegedien, om die mees effektiewe 
tydsberekening vir 'n uitdunbehandeling op Sunred Seedless te bepaal. Agt behandelings en ‘n 
onbehandelde kontrole is tydens die 2015/2016 seisoen geëvalueer. Die behandelings het bestaan 
uit vier vroeë uitduntoedienings op 31 Oktober 2015 en vier laat uitduntoedienings op 4 November 
2015. Beide die vroeë en die latere toedienings is teen 5 dpm GA3, 7.5 dpm GA4+7, 15 dpm GA4+7 
en 30 dpm GA4+7 toegedien. Die twee toedieningsdatums verteenwoordig verskillende fenologiese 
stadiums van die wingerd, wat deur ‘n produsent gebruik sou word om die tydsberekening van 'n 
uitdunbehandeling te bepaal. Die vroeë toedieningstyd verteenwoordig 'n oorheersende fenologiese 




Die behandelings vir die 2016/2017 seisoen is aangepas om verhoogde GA4+7 konsentrasies, asook 
twee korrelvergrotingbehandlings in te sluit. Agt behandelings en ‘n onbehandelde kontrole is tydens 
die 2016/2017 seisoen geëvalueer. Die behandelings het bestaan uit ses uitdunbehandelings (5 dpm 
GA3; 7.5 dpm GA4+7; 15 dpm GA4+7; 30 dpm GA4+7; 60 dpm GA4+7; 120 dpm GA4+7), ‘n uitdun- en 
korrelvergrotingbehandlings (60 dpm GA4+7 + 60 dpm GA4+7) en ‘n korrelvergrotingbehandlings (60 
dpm GA4+7). 
Elke behandeling is vier keer herhaal en elke herhaling bestaan uit vier stokke. Hierna word 
gesamentlik verwys as 'n eksperimentele eenheid. Die middelste twee stokke van elke 
eksperimentele eenheid is as die datastokke gebruik. Die optimale fenologiese stadium vir 
toediening is bepaal deur die blomtrosse binne elke data eksperimentele eenheid in vier fenologiese 
stadiums te kategoriseer. Die 2015/2016-seisoen se stadiums het bestaan uit: 80-100% blom, 10% 
set, set en set plus vier dae. Daarteenoor was die 2016/2017-seisoen se stadiums: 50% blom 50% 
blom, 80-100% blom, 10 set en set. Vyf trosse is per data eksperimentele eenheid gemerk volgens 
die bogenoemde fenologiese stadiums wat vir elke seisoen geïdentifiseer is. Hierdie gemerkte trosse 
is gebruik vir tros- en korrelevaluasies tydens oes. Trosvoorbereidingsaksies of korrelversameling is 
dus nie op hierdie trosse uitgevoer nie. Trosstruktuurevaluerings is gedoen volgens 'n protokol van 
die Wingerdkunde-afdeling van LNR Infruitec-Nietvoorbij.  
GA toedienings tydens blom het gelei tot 'n beter uitdun effek van Sunred Seedless, gebaseer op 
die evaluering van tros-en korrelmassa. Oes-evaluasies van tros- en korrelmassa het geen tendens 
gewys m.b.t. 'n spesifieke GA-konsentrasie in verhouding tot tyd van toediening van 
uitdunbehandelings nie.  
Resultate gebaseer op die subjektiewe visuele assessering van troskompaktheid, dui aan dat 'n GA 
uitdunningsbehandeling op 50% blom te vroeg is vir Sunred Seedless, aangesien dit yl trosse tot 
gevolg het. Hoe langer 'n GA toediening vanaf blom tot set vertraag is, hoe minder effektief is Sunred 
Seedless uitgedun. Dit kan toegeskryf word aan die toediening wat tot meer kompakte trosse lei 
indien dit rondom set toegedien word. Hierdie bevindings stem ooreen met resultate wat verkry is 
met die kwalitatiewe evaluasies van troskompaktheid. GA behandelings tydens blom het die 
gemiddelde totale- en normale korrels per sentimeter laterale lengte betekenisvol verminder. Die 5 
dpm GA3 behandeling, wat toegedien is op 80-100% blom, was die mees effektiefste behandeling. 
Dit het gelei tot die effektiefste uitdunning en ‘n betekenisvolle vermindering in die totale korrels per 
sentimeter laterale lengte, teenoor die onbehandelde kontrole. 
'n Betekenisvolle toename in die gemiddelde persentasie bokhaelkorrels is verkry met die 50% en 
80-100% blomstadiums in vergelyking met die 10% set en set stadiums, vir GA behandelings 
toegedien gedurende die 2016/2017 seisoen. Sunred Seedless het dus ‘n verhoogde sensitiwiteit 
vir die vorming van bokhaelkorrels wanneer GA tydens blom toegedien word. 'n Toename in die 
voorkoms van bokhaelkorrels kan ook verwag word met die gebruik van hoër konsentrasies GA4 +7, 




Sunred Seedless se sensitiwiteit teenoor GA toedienings tydens vroeë blom in hierdie studie, tesame 
met die swak reaksie teenoor hierdie toedienings wat na blom toegedien word, bevestig waarom GA 
uitdunbehandelings nie ekonomies aanvaarbare resultate vir hierdie kultivar lewer nie. Herhalende 
tendense met betrekking tot die fenologiese stadium van die tros tydens toediening is waargeneem 
in hierdie studie, eerder as tendense met betrekking tot 'n spesifieke GA behandeling en 
konsentrasie toegedien. Hierdie bevindings bevestig dat tydsberekening van 'n GA toediening 'n 
fundamentele rol speel in die resultate verkry met GA toedienings vir 'n spesifieke kultivar. 
GA behandelings wat tydens blom toegedien is, is vergelyk met toedienings tydens vroeë 
korrelontwikkeling. Eersgenoemde het tot ‘n afname in die gemiddelde pitresmassa per korrel gelei. 
Dit het ook ‘n verbeterde pitresgrootte verspreiding, met 'n verhoogde persentasie klein pitreste tot 
gevolg gehad. Geen konstante tendens is gevind t.o.v. van verskillende GA3 of GA4+7 toedieningstye 
en konsentrasies op pitresgrootte oor die twee seisoene nie. 
Kommersiëel aanvaarbare botpersentasies (≥ 80%) is verkry met uitbotproewe wat in Junie 2016 en 
2017 gedoen is, asook met evaluerings wat in die wingerd uitgevoer is in Oktober 2016. 'n Afname 
in die gemiddelde aantal trosse per oogposisie is van Junie 2016 tot Junie 2017 verkry vir die 
potensiële vrugbaarheid bepaal deur uitbotproewe. Potensiële vrugbaarheid bepaal deur 
oogontledings het nie dieselfde tendens gevolg van Junie 2016 tot Junie 2017, soos gevind met die 
uitbotproewe nie. Die gebruik van GA3 het Sunred Seedless se werklike vrugbaarheid laat afneem 
na afloop van ‘n enkele seisoen se GA behandeling, teenoor die onbehandelde kontrole. Dieselfde 
resultate is nie vir GA4+7 behandelings verkry nie. 
Die potensiële vrugbaarheid wat deur uitbotproewe en oogontledings bepaal word het swak 
gekorreleer met die werklike vrugbaarheid wat in die wingerd bepaal is. Potensiële 
vrugbaarheidsassesserings word dus nie vir oesskattings aanbeveel nie, maar eerder om 
snoeistelsels wat gebruik word vir ‘n spesifike kultivar te verifieer. 
Die potensiële vrugbaarheid wat deur uitbotproewe en oogontledings bepaal word, het swak 
gekorreleer met die werklike vrugbaarheid wat in die wingerd bepaal is. Potensiële 
vrugbaarheidsevaluerings word dus nie vir oesskattings aanbeveel nie, maar eerder om 
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This thesis is presented as a compilation of eight chapters, including four result chapters presented 
in article format. Each chapter is introduced separately and is written according to the style of the 
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General introduction and project objectives 
1.1 INTRODUCTION 
Over the last ten years, the South African table grape industry has grown by 55.9%, from 13 982 
hectares in 2009 to 21 798 total hectares planted in 2019 (SATI, 2019b). A global consumer-driven 
increase in the demand for seedless table grapes is visible in the trend of South African table grape 
production, with the total production of seedless cultivars increasing from 80% in the 2014/2015 
season to 91% in the 2018/2019 season (SATI, 2019b).  
During the 2015/2016 season, which was to be the first season of the trial, 56.66 million 4.5 kg 
cartons were exported, which was a 3.2% decrease in production compared to the previous season 
(SATI, 2019b). The decrease in production was mainly due to the drought experienced in most of 
the South African table grape production regions. Record production volumes were recorded during 
the 2016/2017 season, with 65.45 million 4.5 kg cartons exported (SATI, 2017).  
During the 2015/2016 season, Sunred Seedless was 19th on the top 20 list based on export volume 
and moved to 20th place during the 2016/2017 season (SATI, 2016; SATI, 2017). The cultivar Sunred 
Seedless was selected for the trial for the following reasons:  
i. it is one of the top 20 cultivars in South Africa and therefore of economic importance, 
ii. the cultivar is challenging to thin with the existing chemical thinning agent registered,  
iii. the cultivar is known to develop detectable rudimentary seeds, and  
iv. limited research studies have been performed on Sunred Seedless.  
Sunred Seedless is a deep maroon-red, mid-season ripening cultivar with a firm and crunchy texture 
(SATI, 2016; SATI, 2019a). It was released in 1991 by ARC Infruitec-Nietvoorbij (Avenant, 2000; 
SATI, 2019a), as a cross between Datal and Ruby Seedless (SATI, 2019a). At the time of the release 
of the cultivar, it filled a critical window in the South African table grape production season, namely, 
the red seedless, mid-season window. Sunred Seedless has large, compact bunches with naturally 
large, oval-shaped berries, reaching an average mass of 6 g per berry (SATI, 2019a). With naturally 
compact bunches, a thinning action which is either manual or chemical is required to prepare 
bunches to an export standard. Given that Sunred Seedless responds poorly to chemical thinning 
with gibberellic acid (GA3), an alternative gibberellic acid structure, GA4+7, was tested in this trial. The 





in South Africa, under the tradename Novagib® 10 SL (Registration holder: Universal Crop Protection 
(Pty) Ltd).  
In the industry, a foliar nitrogen (N) application of low-biuret urea ion has shown good results for 
Sunred Seedless as an alternative to the conventional GA3 treatment used for thinning (SATI, 
2019a). Low-biuret urea should be applied at 1 kg per 100 ℓ water (1%), 10 days before flowering 
with two follow-up applications in three to four-day intervals (SATI, 2019a). During flowering, another 
two applications of 1% low-biuret urea can be applied with the last application applied at 10% berry 
set with the addition of 1.5 to 2 ppm GA3 (SATI, 2019a). The addition of N applied to the vine through 
the urea application induces strong vigour at an early phenological stage, thereby creating 
competition between reproductive (berries) and vegetative (shoots) growth for carbohydrates (SATI, 
2019a). Consequently, there is abscission of some berries during set, which leads to a less compact 
bunch structure. 
Sunred Seedless has medium vigour and is very fertile, therefore it can be spur pruned (SATI, 
2019a). In the Hex River region, however, the pruning system used consists of half-long bearers, 
due to the increased bud fertility observed at bud positions four to nine, combined with spurs for 
renewal. A total of 6619 hectares are planted in the Hex River Valley, accounting for 30.37% of the 
total South Africa table grape plantings (SATI, 2019b). The cultivar Sunred Seedless is harvested 
between week three and ten in the Hex River Valley.  
Market requirements for export grapes are based on characteristics such as bunch size, bunch 
colour uniformity, berry size and distribution, flavour profile, texture and eating quality. The use of 
PGRs have become an essential tool in the production of table grapes for producing grapes of high 
export quality while reducing labour costs for manual thinning or girdling to increase berry size. 
Increased costs associated with the production of table grapes, along with high expectations to meet 
increasing market demands, require attention spent on effectively minimizing input costs.  
PGRs are defined as synthetic compounds, with similar structures to plant hormones that occur 
naturally in higher plants, such as table grapes (Korkutal et al., 2008; Rademacher, 2015). Plant 
hormones or PGRs are often described as signaling molecules, regulating plant growth and 
development alongside environmental factors also affecting plant growth and development (Pallardy, 
2007; Korkutal et al., 2008; Roubelakis-Angelakis, 2009; Rademacher, 2015). Abscisic acid, auxin, 
cytokinins, ethylene and gibberellins (GAs) are described as the five major plant hormones and are 
all registered for the use on table grapes with the exception of auxins (Roberts & Hooley, 1988; 





The role of GAs in grapevines, especially GA3, is defined as the regulation of growth and 
development through cell division and cell enlargement such as during the onset phases of berry 
development (Cahoon et al., 1986; Dokoozlian, 2000; Ungsa et al., 2008; Roubelakis-Angelakis, 
2009; Molitor et al., 2012). GA3 is the most widely used PGR in table grape production and is mainly 
used for the following three objectives, namely (i) stretching to increase the length of the bunch 
rachis, (ii) berry thinning to improve bunch compactness through decreased berry set and (iii) berry 
sizing to meet the requirements of specific markets (Weaver & McCune, 1960; Cahoon et al., 1986; 
Reynolds & de Savigny, 2004; Reynolds et al., 2006; Roubelakis-Angelakis, 2009). Each desired 
outcome is dependent on the phenological stage of the grapevine during application and rate 
applied, which are both highly cultivar dependent.  
In grapes, seedless berries develop through two different fruit set mechanisms, parthenocarpy or 
stenospermocarpy (Stout, 1936; Dokoozlian, 2000). True seedless berries are produced through 
parthenocarpy, and an example of such a cultivar is Black Corinth (Dokoozlian, 2000). Berries 
produced by stenospermocarpy are commercially considered to be seedless. This includes cultivars 
such as Sunred Seedless, Flame Seedless and Thompson Seedless (Dokoozlian, 2000). 
Stenospermocarpic fruit set is characterized by the abortion of the embryo two to four weeks after 
fertilization, terminating further seed development, resulting in the formation of rudimentary seeds or 
seed traces (Stout, 1936; Coombe, 1960; Nitsch et al., 1960; Winkler et al., 1962; Mullins et al., 
1992; Dokoozlian, 2000; Perl et al., 2000; Reynolds et al., 2006; Iland et al., 2011). The inherent 
rudimentary seed size of a cultivar is linked to the timing of embryo abortion, which can be delayed 
in cultivars with larger rudimentary seeds (Dokoozlian, 2000). During the evaluation of cultivars and/ 
or selections, grapes are regarded as seedless when rudimentary seeds are soft, green and not 
perceptible organoleptically (Burger et al., 2003). 
An additional, but less common use for GA3 is to reduce rudimentary seed occurrence. Although 
GA3 is known to be less effective in the thinning of Sunred Seedless, the application of GA3 during 
flowering was shown to be effective in reducing its rudimentary seed size (Avenant, 2000). The 
average rudimentary seed size of Sunred Seedless is 9.4 mg, but it can be as large as 22.1 mg 
compared to that of Sultanina which can vary between 5.3 mg and 6.7 mg per rudimentary seed 
(Avenant, 2000). 
The international consumer market defines seedless grapes with detectable rudimentary seeds as 
a negative characteristic, decreasing the marketability of these grapes. Sunred Seedless is an 
example of a cultivar that tends to develop larger rudimentary seeds, increasing the noticeability 
when consumed. With increased consumer demands for seedless grapes, manipulations that reduce 





The action of berry thinning can be achieved through either chemical berry thinning with the use of 
GA3 as a full cover spray application and/or manual berry thinning, the latter being a time consuming 
and labour intensive practice (Christodoulou et al., 1966; Gil et al., 1994; Di Lorenzo et al., 2011). 
The use of chemical thinners is essential for the longevity of cultivars that set naturally compact 
bunches, i.e. Sunred Seedless, because manual thinning is not a sustainable practice due to 
increasing labour costs. The use of GA3 applications during flowering or the early stages of berry set 
has been widely studied and authors have reported a decrease in berry set when applied to seedless 
table grape cultivars (Lynn & Jensen, 1966; Weaver & Pool,1971; Dokoozlian & Peacock, 2001). 
However, this is not a viable option for Sunred Seedless as it responds poorly to GA3 (SATI, 2019a).   
Seeded berries develop a naturally large berry size compared to seedless grapes as seeds are a 
natural source of GA3 (Dokoozlian, 2000). Authors have reported a positive correlation between berry 
size and seed occurrence (Coombe, 1960; Baydar & Harmankaya, 2005). Seedless cultivars are 
treated with an exogenous GA3 application to increase berry size due to the lack of natural occurring 
GAs normally produced by seeds (Dokoozlian, 2000).  
Certain seedless table grape cultivars, such as Thompson Seedless (Wolf & Loubser, 1992), require 
a GA3 treatment, applied after berry set to improve berry size whereas cultivars such as Sunred 
Seedless have a large natural berry size which requires no berry sizing treatment. A GA3 application 
for sizing may be used on cultivars with a large natural berry size to meet the requirements of specific 
markets (Abu-Zahra & Salameh, 2012). Increased berry size can be achieved by reducing the crop 
load, girdling the vine or with the use of GA3 applications, either by a full cover spray application or 
by the labour-intensive practice of dipping individual bunches (Orth, 1990; Abu-Zahra & Salameh, 
2012).  
GA3 applications with direct bud contact, i.e. full cover applications, have been associated with a 
decreased return fertility and increased bud necrosis the following season (Lavee et al., 1981; Orth, 
1990; Dokoozlian, 2000), but limited research articles are available on this aspect. Apart from 
decreased return fertility, additional negative responses with the use of GA3 have been reported by 
authors. Examples include a decreased rate in colour accumulation and postharvest berry shatter 
(Retamales & Cooper, 1993; Zoffoli et al., 2009). 
Taking into account all available research results and practical experience referred to above, this 
study evolved around the following facets: to determine whether GA4+7 could be used as an 
alternative to GA3 for berry thinning, berry sizing and reducing rudimentary seed occurrence in 
Sunred Seedless without negatively affecting return fertility. The field trial was conducted in the Hex 





1.2 PROJECT AIMS AND OBJECTIVES 
1.2.1 Aims 
The study aimed to determine whether GA4+7 could be used as an alternative chemical thinning agent 
for cultivars that respond poorly to a GA3 treatment in order to improve quality without negatively 
affecting return fertility. 
Main aim: Establish the most effective phenological stage to apply a minimum concentration of 
GA4+7 for effective thinning of table grapes. 
Sub aim: Establish the effect of two gibberellin chemical structures, GA3 and GA4+7, applied on table 
grapes for berry thinning on bunch structure, rudimentary seed size and return fertility. 
1.2.2 Objectives 
Objective 1: Identify GA4+7 treatments for the effective thinning of table grapes (Sunred Seedless), 
compared to the standard GA3 treatment, by: 
• Establishing the most effective phenological stage to apply GA4+7. 
• Establishing the minimum GA4+7 concentration required for effective thinning results. 
Objective 2: Compare the effect of different GA3 and GA4+7 treatments applied at different 
phenological stages of Sunred Seedless on bunch structure, rudimentary seed size and return 
fertility. 
The expected benefits of this study for the table grape industry: 
• Reduce production costs by reducing manual thinning and manual bunch preparation. 
• Contribute to meeting export requirements regarding seedlessness by promoting the 
development of very small, soft and undetectable rudimentary seeds. 
• Obtain scientific results regarding the effect of GA4+7 on table grapes. 
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 A review of bunch structure, rudimentary seed size and return 
fertility of table grapes as affected by GA3 and GA4+7 treatments   
2.1 INTRODUCTION 
The quality of table grapes, non-climacteric fruit, is determined by various attributes, such as their visual 
appearance and nutritional value. The visual appearance of table grapes, such as berry shape and size, 
colour uniformity, rachis colour, as well as bunch shape, size and compactness (Wei et al., 2002; Reisch 
et al., 2012; Dragincic et al., 2015; Zhou et al., 2015; Piazzolla et al., 2016), largely influence the table 
grape consumers’ first impression and their desire to purchase the fresh product.  
A substantial shift in the international consumer preference from seeded to seedless berries has been 
observed (Perl et al., 2000), resulting in the higher market potential for seedless grapes (Varoquaux et 
al., 2000). Due to the higher export market potential of seedless grapes, 91% of table grapes produced 
in South Africa are seedless (SATI, 2019b).  
During the evaluation of cultivars and/ or selections, grapes are regarded seedless when rudimentary 
seeds are soft green and not perceptible organoleptically (Burger et al., 2003). Seedless grapes with 
detectable rudimentary seeds are viewed by consumers as a negative characteristic, decreasing the 
marketability of these grapes. Manipulations that could contribute to decreasing rudimentary seed size 
in cultivars with detectable rudimentary seeds is therefore essential from a marketing perspective.  
The use of plant growth regulators (PGRs) has become an essential tool in improving the quality 
parameters of table grapes in order to meet export market requirements. Gibberellic acid (GA3) is the 
most widely used PGR in table grape production and is used mainly on seedless cultivars for stretching, 
berry thinning and berry sizing (Weaver & McCune, 1960; Cahoon et al., 1986; Reynolds & de Savigny, 
2004; Reynolds et al., 2006; Roubelakis-Angelakis, 2009). An additional, but less common use for GA3 
is reducing rudimentary seed occurrence. Full cover applications of GA3 have been associated with a 
decreased return fertility and increased bud necrosis the following season (Lavee et al., 1981; Orth, 
1990; Dokoozlian, 2000b), but there is limited research information available on this aspect. 
Manipulations, with the use of an alternative gibberellic acid structure, GA4+7, on the attributes mentioned 
above could be a viable alternative to GA3, is also reviewed in this Chapter. GA4+7 is currently used for 
calyx end russeting in apples, with limited information available on its use in table grapes.  
In table grape production, manipulations with the use of PRGs have to be cost-effective without 
negatively influencing grapevine fertility. The use of GAs to improve bunch structure and seedlessness 





2.2 GRAPEVINE BUD MORPHOLOGY AND PHENOLOGY 
2.2.1 Grapevine bud anatomy 
Grapevine bud development has been described in detail by Winkler et al. (1962), Khanduja and 
Balasubrahmanyam (1972), Pongracz (1978), Srinivasan and Mullins (1981b), Mullins (1986), May 
(2000), Williams (2000), Bennett (2002), Vasconcelos et al. (2009) and Iland et al. (2011).  
An axillary bud complex consisting of a lateral or prompt bud (situated at the dorsal side of the shoot) 
and a compound bud (eye) consisting of three latent buds (situated at the ventral side of the shoot) can 
potentially develop at every shoot node (Morrison, 1991; Boss et al., 2003; Carmona et al., 2008; 
Vasconcelos et al., 2009). The compound bud contains three latent buds, namely a primary as well as 
two secondary buds that will remain dormant until the required number of cold units have been met 
during the winter (Winkler et al., 1962; Khanduja & Balasubrahmanyam, 1972; Morrison, 1991; Williams, 
2000; Bennett, 2002). If all latent buds contain inflorescence primordia, a compound bud may contain 
up to three inflorescence primordia (Williams, 2000; Bennett, 2002; Iland et al., 2011). 
Under normal conditions, the more developed bud, i.e. the primary bud, will burst in spring but if it is 
damaged in any way one of the less developed secondary buds will burst (Khanduja & 
Balasubrahmanyam, 1972; Morrison, 1991; Bennett, 2002; Vasconcelos et al., 2009; Iland et al., 2011) 
(Fig. 2.1). These buds contain primordia (precursors) that can differentiate into one of two types of 
primordia, leaf primordia for infertile buds and inflorescence primordia for fertile buds (Khanduja & 
Balasubrahmanyam, 1972; Morrison, 1991; Bennett, 2002). Fertile bud positions differ between 
cultivars, serving as a guide in determining the cultivar’s correct pruning method. The cultivar Sunred 
Seedless, for instance, has higher bud fertility towards the base of the cane and can therefore be spur 





2.2.2  Vegetative growth cycle 
The vegetative growth cycle has been described in detail by several authors (Winkler et al., 1962; 
Pongracz, 1978; Mullins et al., 1992; Bennett, 2002; Iland et al., 2011; Keller, 2015). Bud break is 
defined as the visibility of a green tip or leaf tissue, as described by the modified E-L (Eichhorn & Lorenz) 
system for grapevine phenology (Bennett, 2002). Initial growth relies on reserves, such as 
carbohydrates, stored in the permanent structure (roots, canes & trunk) of the vine until sufficient 
photosynthates can be produced to maintain a balanced sink-source relationship (Mullins et al., 1992; 
McArtney, 1998). Leaves reach net photosynthate production once they have reached half of their final 
size (Bennett, 2002). During the post-harvest period, the remaining green leaves are responsible for 
accumulating reserves that are stored in the permanent structure of the grapevine, before entering 
endodormancy (Winkler et al., 1962). Grapevine roots are one of the primary storage organs of nutrient 
reserves which promote initial growth during spring (Archer, 1981).  
In grapevines, the development of new roots takes place during two periods of root growth, referred to 
as root flushes. New root growth is vital for water and nutrient uptake as well as the production of 
hormones, such as cytokinin’s (Mullins et al., 1992), which are linked to the differentiation of 
inflorescence primordia, along with auxin (Keller, 2015). The first root flush starts in spring after bud 
break, reaching its peak at flowering, with the second root flush occurring after harvest (Mullins et al., 
1992). 
Figure 2.1: Cross-section of a compound bud, indicating a primary bud and two secondary buds. The primary bud 





2.2.3 Reproductive growth cycle 
The reproductive growth cycle of a grapevine occurs over a period of two consecutive seasons. 
Inflorescence primordia differentiation takes place during late spring and summer of the first season 
before the grapevine enters a period of dormancy, which is followed by bud break, flower and berry 
development during the second season (Dunn & Martin, 2000; Williams, 2000; Carmona et al., 2008).  
Inflorescence primordia formation coincides with flowering occurring in the current season (Winkler & 
Shemsettin, 1937; Morrison, 1991; Iland et al., 2011). During the first season, the compound bud can 
differentiate into either a fertile bud containing inflorescence primordia with rudimentary leaves and 
flower clusters or an infertile bud, producing a shoot with leaves and tendrils (Khanduja & 
Balasubrahmanyam, 1972; Morrison, 1991; Williams, 2000; Bennett, 2002).  
According to Dunn and Martin (2000) and Williams (2000), the formation of clusters through the 
differentiation of inflorescence primordia during the first season will determine the yield potential of the 
second season (Fig. 2.2). The period from initiation of inflorescence primordia until harvest is 
approximately 15 months, depending on factors such as cultivar and region (Bennet, 2002; Iland et al., 
2011).
Figure 2.2: The phenological timeline of the grapevine, indicating the reproductive development growth cycle 
occurring over two seasons (from Li-Mallet et al. (2016) which was reproduced from Coombe and Iland (2004) 





2.2.3.1 Inflorescence formation 
Inflorescence formation can be divided into three main processes: 
i. Anlagen formation 
Leaf primordia are formed during a short period of vegetative growth, followed by reproductive 
growth, resulting in the formation of the first lateral meristem (Srinivasan & Mullins, 1981b; 
Swanepoel & Archer, 1988; Mullins et al., 1992; Williams, 2000). The lateral meristem, also 
known as anlagen or uncommitted primordia, is formed by the shoot apical meristem of latent 
buds (Tucker & Hoefert, 1968; Gerrath & Posluszny, 1988; Vasconcelos et al., 2009). Structural 
differences between anlagen and leaf primordia are visible with anlagen forming shorter, club-
shaped structures (Vasconcelos et al., 2009). The process of leaf primordia and anlagen 
formation are repeated to form between one to three anlagen, depending on the cultivar and 
environmental factors (Srinivasan & Mullins, 1976; Srinivasan & Mullins, 1981b; Vasconcelos et 
al., 2009).  
Rapid shoot growth favours tendril formation but depending on conditions, anlagen can mature 
into either inflorescence, a tendril or an intermediate structure (Boss & Thomas, 2002; Boss et 
al., 2003, Vasconcelos et al., 2009). The timing and rate of anlagen formation are influenced by 
the cultivar as well as the position of the winter bud on the cane (Mullins, 1986; Watt et al., 2008; 
Vasconcelos et al., 2009).   
ii. Inflorescence primordia formation 
During further development, the anlagen branches into two arms, a larger inner and smaller 
outer arm. Inflorescence primordia are formed by the differentiation of the branched anlagen 
(Srinivasan & Mullins, 1981b; Swanepoel & Archer, 1988; Mullins et al., 1992; Williams, 2000; 
Iland et al., 2011). Differentiation of the inner arm contributes to the formation of the 
inflorescences’ main body, whereas the outer arm contributes to a winged branch at the top of 
the inflorescence (Mullins, 1986; Mullins et al., 1992; Vasconcelos et al., 2009; Iland et al., 2011).  
The first inflorescence primordia are formed two to three weeks after the first anlagen formation. 
A steady decrease in the acropetal branching of the inner arm contributes to the conical shape 
of the inflorescence primordia, resembling a small bunch of grapes. The completion of this phase 
is marked four days after the appearance of the fully developed inflorescence (Srinivasan & 
Mullins, 1981b; Swanepoel & Archer, 1988; Mullins et al., 1992; Williams, 2000; Bennett, 2002; 
Iland et al., 2011). The initiation of the second anlagen commences during the last few days of 





After the formation of inflorescence primordia, the latent bud enters dormancy (Winkler & 
Shemsettin, 1937; Srinivasan & Mullins, 1981b; Mullins et al., 1992; Sommer et al., 2000; 
Vasconcelos et al., 2009; Iland et al., 2011). Shoots turning from green to a yellow-brown colour 
can be used as an indication of the development of dormancy, developing over two to three 
weeks (Vasconcelos et al., 2009).  
Environmental factors during differentiation contribute to grapevine fertility, as differentiation 
during the first season determines the second season’s bud fertility potential (Khanduja & 
Balasubrahmanyam, 1972). Cultivation practices during the first season, such as the application 
of PGRs and canopy management, have also been reported to affect fertility in the second 
season (Khanduja & Balasubrahmanyam, 1972; Mullins et al., 1992; Dry, 2000; Williams, 2000; 
Iland et al., 2011). Factors affecting grapevine fertility are discussed in detail in Section 2.5.1.  
iii. Final differentiation of the inflorescences 
Final differentiation of the inflorescence/ individual flowers takes place from shortly before bud 
break until flowering in the second season (Srinivasan & Mullins, 1981b; Swanepoel & Archer, 
1988; Morrison, 1991; Mullins et al., 1992; Dunn & Martin, 2000; Sommer et al., 2000; Williams, 
2000; Iland et al., 2011).  
2.2.3.2 Flower development 
Flowering, pollination and fertilization 
The process of flowering indicates the commencement of inflorescence primordia initiation for the 
following season and the end of inflorescence development for the current season (Coombe & Dry, 
1988; Bennett, 2002). Flowering, also referred to as bloom or anthesis, occurs during spring (6-8 weeks 
after bud break) when the calyptra separates to reveal the stamens (male organs) and pistil (female 
organ) (Dokoozlian, 2000b; Bennett, 2002; Iland et al., 2011). The function of the calyptra is to protect 
these organs before flowering. The rate at which flowering occurs increases under favourable conditions 
of 29-35°C, but decreases when temperatures are below 18.5°C (Dokoozlian, 2000b). Full flowering or 
100% flowering is reached once all the calyptras of the flowers on the cluster have separated from the 
base of flowers. Berry shattering, a natural thinning process where flowers drop to the ground, occurs 
8-12 days after full flowering (Dokoozlian, 2000b). 
Pollination occurs when pollen released by the anthers lands on the stigma. Germinating pollen 
develops a pollen tube that connects to the ovary, enabling the sperm to travel down the tube and 
fertilize the eggs (Dokoozlian, 2000b). Favourable environmental conditions range from 26.7-32.2°C 





2.2.3.3 Fruit set and seed development 
Fruit set indicates the start of fruit development and is characterized by two occurrences, namely the 
completion of berry shattering and grape berries achieving diameters of 1.6 to 3.2 mm (Winkler et al., 
1962; Pongracz, 1978; Dokoozlian, 2000b; Iland et al., 2011). During fruit set, active cell division 
promotes the development of ovaries into berries (Mullins et al., 1992; Dokoozlian, 2000a; Bennett, 
2002; Bangerth, 2004; Iland et al., 2011). Fruit set is influenced by various factors, including 
carbohydrates (Weaver & McCune, 1960), temperature (Pongracz, 1978; Bennett, 2002) and PGRs 
such as auxins, cytokinins and gibberellins (Weaver et al., 1962; Srinivasan & Mullins, 1981b; Mullins 
et al., 1992; Bennett, 2002). 
In grapes, seedless berries can develop through two different fruit set mechanisms, parthenocarpy or 
stenospermocarpy (Stout, 1936; Dokoozlian, 2000b). In parthenocarpy, fruit set is followed by 
pollination, resulting in the production of seedless berries in the absence of ovule fertilization (Stout, 
1936). Berries of parthenocarpic fruit set are smaller in size and therefore more suitable for raisin 
production. True seedless berries are produced through parthenocarpy and an example of such a 
cultivar is Black Corinth (Dokoozlian, 2000b). 
In stenospermocarpy, normal fruit set occurs up to fertilization, followed by abortion of the zygotic 
embryo two to four weeks after fertilization, thereby terminating further seed development (Stout, 1936; 
Coombe, 1960; Nitsch et al., 1960; Winkler et al., 1962; Mullins et al., 1992; Dokoozlian, 2000b; Perl et 
al., 2000; Reynolds et al., 2006; Iland et al., 2011). The result is berries with rarely detectable, slender 
and soft seeds referred to as seed traces or rudimentary seeds. Berries produced by stenospermocarpy 
are commercially considered as seedless and this includes cultivars such as Sunred Seedless, Prime 
Seedless, Flame Seedless and Thompson Seedless (Dokoozlian, 2000b). Berry size manipulation 
practices often applied on stenospermocarpic cultivars include girdling, exogenous GA applications and/ 
or manual thinning.  
Seedless grapes have a higher market potential due to consumer preferences (Varoquaux et al., 2000), 
therefore decreasing rudimentary seed size in cultivars with noticeable rudimentary seeds is an 





2.2.3.4 Rudimentary seeds 
Changes in the physiological conditions during the early stages of seed development have been found 
to result in embryo abortion, due to increased phytohormone levels around flowering (Coombe, 1960; 
Nitsch et al., 1960; Iwahori et al., 1968). 
Temperatures below average during flowering and early fruit development of stenospermocarpic 
cultivars could delay embryo abortion and result in an increased noticeability of rudimentary seeds 
(Dokoozlian, 2000b). Temperature contributes to the size of rudimentary seeds as found by Avenant 
(2000) who reported larger rudimentary seeds for Sunred Seedless produced in the earlier, warmer 
production region of Upington compared to Sunred Seedless produced in the late, colder production 
region of Stellenbosch. The average rudimentary seed size of Sunred Seedless is 9.4 mg, but it can be 
as large as 22.1 mg compared to that of Sultanina which can vary between 5.3 mg and 6.7 mg per 
rudimentary seed (Avenant, 2000). 
Seasonal differences in the number, as well as mass of rudimentary seeds, have been reported by 
Reynolds and de Savigny (2004). During two consecutive seasons with lower rainfall, there was a higher 
average rudimentary seed number per berry (1.88 & 1.10) and mass (24.4 mg & 15.5 mg) of control 
treatments compared to the rudimentary seed number (0.12) and mass (0.9 mg) during a higher rainfall 
season (Reynolds & de Savigny, 2004). Similar results were reported by Reynolds et al. (2006). 
Limited published research results regarding the number of rudimentary seeds per berry and 
rudimentary seed mass are available. Results of a study performed by Christensen et al. (1983) on 
rudimentary seed development in Fiesta is given in Table 2.1. Besides seasonal conditions, the choice 
in rootstock also influences rudimentary seed size as different rootstocks contribute to different levels in 
hormone production (Christensen et al., 1983). Another factor includes the age of the vineyard and older 
vines may produce less rudimentary seeds (Christensen et al., 1983; Dokoozlian, 2000b).
Trial 
Location 
Rootstock Number of Traces per Berry Total Weight of Traces per Berry 
Mg Dry Wt. 
Average Weight per Trace 
Mg Dry Wt. 
1977 1978 1979 1981 1978 1979 1981 1978 1979 1981 
Fowler Own   1.48 a*   1.67 ab 1.55 a 2.32 a 3.27 b 7.15 b 4.08 b 1.96 b 4.61 b 1.83 b 
Thompson 1.69 a 1.95 b 2.20 a 2.43 a 2.28 a 2.97 a 3.58 a 1.16 a 1.35 a 1.43 a 
Harmony 1.85 a 1.32 a 2.00 a 2.07 a 3.83 b 6.15 b   4.94 bc 2.90 b 3.08 b 2.34 b 
Freedom 1.88 a 1.51 a 1.77 a 2.46 a 3.72 b 6.33 b 6.31 c  2.46 b 3.58 b 2.59 b 
Biola Own 1.89 a 2.28 a 2.08 a 2.51 a 6.92 b 5.25 b  4.66 b 3.04 b 2.52 b 1.91 b 
Thompson 2.09 a 1.97 a 1.68 a 2.37 a 4.16 a 1.81 a 2.19 a 2.11 a 1.08 a  0.95 a 
Harmony 1.81 a 2.29 a 1.92 a 2.31 a 8.27 b 5.87 b 5.32 b 3.61 b 3.06 b 2.31 b 
Freedom 2.01 a 2.04 a 1.91 a 2.64 a 7.08 b 5.18 b 6.05 b 3.47 b 2.71 b 2.32 b 
Rolinda Own 1.93 a   1.86 bc 1.45 a 1.74 a 4.11 a 3.62 a 2.56 b 2.21 a 2.50 a 1.46 b 
Thompson 2.10 a 1.51 a 1.47 a 1.95 a 3.60 a 2.74 a 1.92 a  2.38 a 1.86 a 0.89 a  
Harmony 1.83 a   1.57 ab 1.72 a 1.95 a   4.86 ab 5.97 b 4.17 c 3.10 b 3.47 b 2.15 c 
Freedom 1.81 a 1.98 c 1.79 a 1.86 a 6.02 b 6.52 b 5.37 c 3.04 b 3.64 b 2.90 d 
 
Table 2.1: The effect of rootstock and seasonal conditions on rudimentary seed development in ‘Fiesta’ raisins 






Role of plant hormones in seeded vs seedless cultivars 
The size of stenospermocarpic berries are smaller than that of seeded grape berries but can be 
increased through genetic selection or exogenous GA applications (Weaver, 1958; Mavrikios, 1977 as 
cited by Bouquet & Danglot, 1996). GAs contribute to the growth and development of seedless grapes, 
setting naturally as well as parthenocarpically with GA applied around flowering (Crane, 1964; Matsiu 
et al., 1986). 
A positive correlation between berry size and seed occurrence has linked seed size and the number of 
seeds to the production of hormones such as gibberellins, thereby improving berry size (Coombe, 1960; 
Lavee & Nir, 1986; Baydar & Harmankaya, 2005). High endogenous GA levels in seeded cultivars 
contribute to the development of a naturally large berry (Lavee, 1960; Kato et al., 1998; Agüero et al., 
2000; Perez et al., 2000). Low endogenous GA levels, present in the rudimentary seeds of 
stenospermocarpic cultivars, contribute to the development of smaller berries (Iwahori et al., 1968; 
Cheng et al., 2013). Two peaks in GA concentration have been observed during seeded berry 
development, the first of these being during fruit set followed by a second peak five weeks later (Scienza 
et al., 1978).  
Authors have reported an increased occurrence of seedless berries with an GA3 application 12-17 days 
before full bloom (DBFB) in Delaware (Sugiura & Inaba, 1966), 14 DBFB in Muscat Bailey (Kimura et 
al., 1996), 5 days after bloom in Emperador (Agüero et al., 2000), 16 DBFB in Kyoho and 18 DBFB in 
Red Globe (Cheng et al., 2013). An exogenous GA3 application restricted seed growth in seeded 
cultivars such as Red Globe, Kyoho and Emperatriz, whereas increased seed growth was observed for 
seedless cultivars, such as Thompson Seedless (Kimura et al., 1996; Cheng et al., 2013). A GA3 
application after flowering resulted in decreased rudimentary seed mass and increased berry size of 
Orlando Seedless (Halbrooks & Mortensen, 1987).  
Cheng et al., (2013) reported the timing of embryo abortion in Kyoho, Red Globe and Thompson 
Seedless to be between 9 and 15 days after full bloom (DAFB), whereas Tang et al. (2009) previously 
reported embryo abortion for Thompson Seedless between 40 and 55 DAFB.  
To date, little is known about the mechanism increasing the occurrence of seedless berries with a GA3 
application during flowering. Authors reported a reduction in pollen germination and pollen tube growth 
observed after an exogenous GA3 application at or before full flowering, which could be ascribed to the 
occurrence of pollen tube inhibitors resulting in unfertilized ovules (Motomura & Ito, 1972; Fukunaga & 





2.2.3.5 Berry development 
Berry growth is defined by changes in berry mass, volume or diameter that follow a double-sigmoidal 
curve resulting from three growth stages (Harris et al., 1968; Coombe & McCarthy, 2000; Dokoozlian, 
2000b; Bennett, 2002; Sonnekus, 2015) which are highly dependent on factors such as cultivar (seeded 
or seedless), cultivation practices and environmental conditions (Coombe, 1973).  
i. Stage I: starts after flowering and is known as the first period of rapid berry growth (Dokoozlian, 
2000b). Berry growth during this stage is mostly due to the contribution of cell enlargement and 
partially cell division (Winkler et al., 1962; Harris et al., 1968; Mullins et al., 1992; Coombe & 
McCarthy, 2000; Dokoozlian, 2000b; Bennett, 2002; Conde et al., 2007). The largest contribution 
of cell division is 5-10 days prior and post-flowering but will continue for up to three weeks after 
flowering, during which the number of cells in the berry is determined (Winkler et al., 1962; Harris 
et al., 1968; Mullins et al., 1992; Dokoozlian, 2000b; Iland et al., 2011).  
ii. Stage II: the period where berry growth starts to slow down and is also known as the lag phase. 
The lag phase of seedless cultivars is less prominent or even absent compared to seeded 
cultivars, resulting in a growth curve with less definition between the growth stages (Pratt, 1971; 
Coombe & Hale, 1973; Raath, 2012; Sonnekus, 2015; Van der Vyver, 2016).  
iii. The onset of Stage III is characterized by véraison, where berry firmness decreases and berry 
colour starts to develop (Dokoozlian, 2000b). Stage III marks the second period of berry growth 
and the initiation of fruit ripening. During this stage, berry growth can solely be ascribed to cell 
enlargement, lasting 6-8 weeks, during which berry shape will be expressed inherent to the 
cultivar, either as oval, round or long (Winkler et al., 1962; Harris et al., 1968; Robinson & Davies, 
2000; Dokoozlian, 2000b). Berry ripening is observed through the simultaneous increase in 
sugar content and decrease in organic acid content (Harris et al., 1968; Dokoozlian, 2000b).  
2.3 BUNCH COMPACTNESS 
The density or morphological volume of a bunch, also referred to as bunch compactness, is mainly 
determined by the length of the rachis, the number of berries and their size (Tello & Ibáñez, 2018). The 
number of berries per bunch is determined by the flower number per inflorescence as well as the 
success of fruit set (Carmona et al., 2008) whereas berry size is determined mainly by the growth of the 
berry in stage I and stage III (Coombe & McCarthy, 2000; Robinson & Davies, 2000), described above 
in Section 2.2.3.4.  
Table grape consumers’ first impression is based on the visual appearance of the berries and bunch, 





bunch shape, size and compactness (Wei et al., 2002; Reisch et al., 2012; Dragincic et al., 2015; Zhou 
et al., 2015; Piazzolla et al., 2016). Bunch compactness is, therefore, an important factor determining 
the marketability of table grapes. 
The quality of grapes produced, especially seedless table grapes, can be compromised for cultivars that 
tend to set too compact bunches, as a reduction in berry size and deformed berries can occur due to 
less spatial area for berries to develop optimally (Dokoozlian & Peacock, 2001; Molitor et al., 2012b; 
Domingos et al., 2016; Tello & Ibáñez, 2018). Such bunches have a greater risk of developing bunch 
rot in favourable conditions (Dokoozlian & Peacock, 2001; Molitor et al., 2012b; Tello & Ibáñez, 2018). 
2.3.1 Methods for determining bunch compactness 
Bunch compactness can be evaluated through both subjective and objective methods.  
2.3.1.1 Subjective methods 
Subjective evaluations are based on visual inspections of the bunch appearance, assigning 
observations to defined categories (Tello & Ibáñez, 2018). Various bunch density descriptors exist 
based on the visibility of the rachis and berry mobility, which mostly consists of five categories, namely, 
very loose, loose, medium, compact and very compact (Tello & Ibáñez, 2018). Examples of these 
classification systems include the OIV (Organisation Internationale de la Vigne et du Vin) descriptor 
code 204, UPOV (International Union for the Protection of New Varieties of Plants) descriptor 33 and 
IPGRI (International Plant Genetic Resources Institute, now Biodiversity International) descriptor 6.2.3. 
Various other visual classification systems have been developed and are given in Table 2.2 in a 
summary created by Tello and Ibáñez (2018). 
In addition to visual bunch evaluations, an indirect measurement of bunch compactness characteristics 
has been developed based on the flexibility of a bunch (Tello & Ibáñez, 2018). The density index 
developed by Ipach et al. (2005) (as cited by Tello & Ibáñez (2018)) takes the degree to which the bunch 
stem can be bent and the distance between berries into consideration to form five categories:  
i. Very loose – No contact between berries and 90° stem bending is possible 
ii. Loose – Contact between berries and 45-90° stem bending is possible 
iii. Dense – Flexible berries and 10-45° stem bending is possible 
iv. Compact – Berries not flexible and 10° stem bending is possible 
v. Very compact – Berries not flexible and no stem bending is possible 
Methods determining the space between randomly selected berries on a bunch have also been explored 





2.3.1.2 Objective methods 
Objective measurements are based on measurable variables of the bunch. The most common objective 
method used to determine bunch compactness is to divide the number of berries per bunch by the length 
of the rachis (Vail & Marois, 1991; Pommer et al., 1996; Hed et al., 2009; Hed et al., 2011; Bavaresco 
et al., 2010; Sabbatini & Howell, 2010; Abd El-Razek et al., 2011; Palliotti et al., 2011; Palliotti et al., 
2012; Kotseridis et al., 2012). To ensure a more time-efficient calculation of bunch compactness, 
authors have adapted this method by measuring only a few laterals of the bunch and determining the 
number of berries per centimetre of the rachis (Christodoulou et al.,1967; Dokoozlian & Peacock, 2001). 
The use of automated systems, such as image analysis techniques for calculating bunch compactness 
have been explored by authors over the past few years, allowing for fast and accurate calculations 
(Kicherer et al., 2014; Cubero et al., 2015; Ivorra et al., 2015; Schöler & Steinhage, 2015; Tello et al., 
2016).  
2.3.2 Practices for manipulating bunch compactness 
2.3.2.1 Viticultural practices 
Studies and cultivar production guidelines have shown the use of cultural practices to improve bunch 
compactness, such as tipping or topping, shortening of bunches (before or during flowering) or leaf 
removal before flowering or at full-flowering (Molitor et al., 2011a; Tello & Ibáñez, 2018; SATI, 2019a). 
Leaf removal during these periods has an impact on fruit set as decreased leaf photosynthesis results 
in a reduced amount of photoassimilates available for developing inflorescences. This promotes flower 
drop and therefore the number of berries per bunch is reduced (Lebon et al., 2008; Vaillant-Gaveau et 
al., 2011; Tello & Ibáñez, 2018). Leaf removal at full-flowering and two weeks after full-flowering is 
Table 2.2: Visual classification systems used for determining bunch compactness based on predefined categories 





recommended for improving bunch compactness (Candolfi-Vasconcelos & Koblet, 1990). Additional 
viticultural practices that have been studied to improve bunch compactness include vine shading 
(Domingos et al., 2015), brushing off flowers (Abdel-Fattah et al., 2010), bunch thinning as well as 
sectional bunch or berry thinning (Tardáguila et al., 2008; Molitor et al., 2012b; Gatti et al., 2015; Roberto 
et al., 2015), crop load adjustments, rootstock selection and the use of different pruning systems 
(Ferreira & Marais, 1987; Zabadal & Dittmer, 1998; Weyand & Schultz, 2006; Archer & van Schalkwyk, 
2007). 
2.3.2.2 Chemical control 
Various PRGs such as forchlorfenuron (CPPU), GA and prohexadione-calcium have been studied to 
evaluate their effect on bunch structure (Table 2.3), with GA most commonly used and commercially 
applied in table grape production. Experimental applications of PGRs not yet registered in South Africa, 
such as cytokinin and auxin containing products, are also being evaluated to improve set.  
Early studies indicated that the improvement of bunch compactness with the use of GA was due to the 
elongation of the rachis (Weaver & McCune, 1962, Miele et al., 1978). Improved bunch compactness 
can be observed with GA applied at full flowering due to a reduction in the fruit set rate, resulting in a 
reduced number of berries per bunch (Dokoozlian & Peacock, 2001). Applying GAs after flowering 
promotes bunch compactness by improving berry size, a common practice used in commercial table 
grape production for improving the marketability of the grapes (Zabadal & Dittmer, 2000; Casanova et 
al., 2009). 
The efficacy of a GA treatment depends on various factors, such as phenological stage at time of 
application, cultivar, application rate and number, as well as environmental conditions (Hopping, 1976; 
Casanova et al., 2009; Hed et al., 2011). The use of GAs for bunch elongation and berry thinning is 
discussed further in more detail in Sections 2.4.5.1 and 2.4.5.2.  
The use of prohexadione-calcium at full-flowering inhibits the active GA biosynthesis, disturbing the 
balance between active (GA1) and inactive (GA20) GAs, resulting in increased flower and berry 
abscission (Molitor et al., 2011b). In contrast to GAs and prohexadione-calcium, the use of CPPU 






Table 2.3: The effect of forchlorfenuron, ethephon, gibberellins and prohexadione-calcium applications on bunch 






2.4 PLANT GROWTH REGULATORS IN TABLE GRAPE PRODUCTION 
PGRs are defined as synthetic compounds, with similar structures to plant hormones that occur naturally 
in higher plants such as table grapes (Korkutal et al., 2008; Rademacher, 2015). Plant hormones or 
PGRs are often described as signalling molecules, regulating plant growth and development, alongside 
environmental factors that also affect plant growth and development (Pallardy, 2008; Korkutal et al., 
2008; Roubelakis-Angelakis, 2009; Rademacher, 2015). The primary source of endogenous plant 
hormones includes growth tips, leaves and root tips (Pallardy, 2008).  
In table grapes, some PGRs contribute to processes involving the division, enlargement and 
differentiation of cells that indirectly coordinate berry development processes such as flowering and 
berry set (Rademacher, 2015). Exogenous applications of PGRs are used to alter the development of 
the grapevine in order to promote certain characteristics regarding the quality of the produce. The 
desired outcome of a PGR application is dependent on the cultivar as well as the phenological stage of 
the crop during the time of application (Dokoozlian, 2000b; Christensen, 2000; Roubelakis-Angelakis, 
2009; Hed et al., 2011; Molitor et al., 2012a; Domingos et al., 2016; SATI, 2019a).  
Abscisic acid (ABA), auxin, cytokinins, ethylene and gibberellins are described as the five major plant 
hormones and are all registered for the use on table grapes except for auxins (Roberts & Hooley, 1988; 
Fosket, 1994; Kende & Zeevaart, 1997; Vivanco & Flores, 2000; Korkutal et al., 2008; Durner, 2013). A 
list of the five major PGRs is given in Table 2.4, along with their primary functions and an indication of 





Table 2.4: A list of the five major plant hormones with their site of biosynthesis, mode of translocation, primary functions as well as their use and timing of 
application for table grapes (adapted from Durner (2013) and Van der Vyver (2016)). 
Hormone 
Primary site of 
biosynthesis 
Primary mode of 
translocation 
Primary function(s) 
Registered use in 
table grapes 
Recommended 






Mass flow in 
phloem; polar 
transport 
Cell elongation; vascular differentiation; 
root initiation; apical dominance; 
stimulates ethylene production 







Stimulates cell division; overcomes 
apical dominance; stimulates leaf blade 




After set, at about 4-6 mm 
berry diameter 
Gibberellin 








at site of action; 
phloem; xylem; 
cell to cell 
Stimulates stem elongation; replaces 
vernalization requirement of some long-
day plants; affects floral sex expression; 
stimulates hydrolases in some 
germinating seeds; inhibits leaf 
senescence; inhibits root growth 
Bunch stretching 
Before flowering when the 
inflorescence is about 6-9 
cm in length 
Berry thinning Flowering to 10% berry set 
Berry enlargement 
After set, at about 4-10 mm 
berry diameter 
Ethylene 
All living plant 
tissue 
Diffusion 
Promotes fruit ripening, senescence and 
abscission; promotes leaf abscission; 
promotes (Ananas) or delays (Prunus) 
flowering; promotes the production of 











Induces stomatal closure; induces 
cessation of embryo growth in 
developing seeds; induces storage of 
seed proteins and development of 









2.4.1 Gibberellins and their role in the grapevine 
The first interaction with gibberellins was recorded in Japan in a quest to find the source responsible for 
a disease of rice crops which increased stem length and decreased production, (Roberts & Hooley, 
1988; Fosket, 1994; Srivastava, 2002; Pallardy, 2008). The disease was called ‘foolish seedling’ 
disease. The word gibberellin was derived from naming the active ingredient found during the extraction 
of the fungus Gibberella fujikuroi responsible for this particular disease (Srivastava, 2002). After 
developing their method for extracting the active substance from the fungus G. fujikuroi, the Western 
world called it gibberellic acid (GA), instead of gibberellin (Srivastava, 2002). GA3 and a mixture of GA4 
and GA7 is produced by fermentation of G. fujikuroi (Rademacher, 2015). 
The discovery of GA in higher plants initiated the movement of further research to uncover more 
gibberellins and the possible outcome they have on plants (Srivastava, 2002). MacMillan and Takahashi 
developed a system for allocating names by awarding an A-number for the discovery of new GAs 
(Mander & Liu, 2010). To date, over 136 A-numbers have been allocated, with only a few biologically 
active GAs among the list (Bömke & Tudzynski, 2009; Gao et al., 2017). Active GAs includes GA1 and 
GA4, as well as GA3, GA5 and GA7 in certain higher plants (Yamaguchi, 2008; Giacomelli et al., 2013). 
Gibberellins are diterpenoids, containing the same basic ring structure called an ent-gibberellane 
(Mander & Liu, 2010; Pallardy, 2008) as depicted in Figure 2.3. Gibberellins are divided into two groups, 
according to the number of carbon atoms the structure contains, with either 20 or 19 carbon atoms 
(Srivastava, 2002; Pallardy, 2008). The C19 group of GAs contains a lactone and are defined as the 
physiologically active form in higher plants, contributing to further differentiate the C19 GA group from 
the C20 GA group (Srivastava, 2002).  
The most abundant forms of GAs found in grapevines are GA1, GA3 and GA20 (Roberts & Hooley, 1988; 
Wolf & Loubser, 1992; Durner, 2013). Wolf and Loubser (1992) reported a similar trend in the breakdown 
of GA during berry development in grapes treated with GA and untreated grapes. Gibberellin is 
synthesized on different sites throughout the vine, including young root and shoot apical meristems, 
Figure 2.3: The basic ring structure, ent-gibberellane and the structures of GA4, GA1,  GA7  and GA3  (from Bömke 





anthers, pollen and developing seeds (Coombe, 1959, as cited by Weaver & McCune, 1960; Jackson, 
2008; Durner, 2013). 
An important role of GAs in grapevines, especially GA3, is to regulate early berry growth and 
development through means of cell division and cell enlargement (Cahoon et al., 1986; Ungsa et al., 
2008; Roubelakis-Angelakis, 2009; Molitor et al., 2012a). From the start of flowering, an increase in GA 
is observed within berries of seeded cultivars, decreasing again after early berry development (Zhang 
et al., 2003; Baydar & Harmankaya, 2005; Symons et al., 2006).  
Depending on the time of application, concerning the stage of development, exogenous applications of 
GAs are used in the table grape industry for promoting an increase in bunch length, decreasing bunch 
compactness, increasing fruit size and reducing rudimentary seed occurrence (Weaver & McCune, 
1960; Cahoon et al., 1986; Reynolds & de Savigny, 2004; Reynolds et al., 2006; Roubelakis-Angelakis, 
2009). Although firmer berries can be obtained with a GA treatment three weeks before harvest, this 
increases the possibility of exceeding the maximum residue level (MRL) allowed for GA on table grapes 
(Wolf & Loubser, 1992). In South Africa, a local MRL of 0.2 mg/kg has to be considered for gibberellic 
acid use (Source: Agri-Intel: www.agri-intel.com).  
Although GA is widely known for its use on seedless table grapes, in some instances GA is also used 
to improve the quality of seeded table grapes. For Waltham Cross, a single GA application is used after 
set to decrease the occurrence of uneven berries throughout a bunch caused by the set of seedless 
berries (Wolf & Loubser, 1992). Guidelines for the preparation of Red Globe for export recommend a 
sizing spray of 20 ppm GA3 at 12-14mm berry size (SATI, 2019a).  
Along with all the positive responses related to the use of GA, a few negative responses have been 
reported. These include a lower rate of colour accumulation and post-harvest berry shatter, with a 
positive correlation reported between berry shatter and GA application rates (Retamales & Cooper, 
1993; Zoffoli et al., 2009).  
As mentioned previously, bunch appearance and characteristics such as bunch structure, bunch 
compactness, berry size and even bunch colour play an important role in contributing to the perceived 
quality and therefore value of the grapes produced (Xia et al., 2010; Tello & Ibáñez, 2014). All the 
characteristics mentioned above, except for bunch colour, can be improved with the use of GA 
(Dokoozlian & Peacock, 2001). 
2.4.2 The mechanism and role of GA4+7  
The activity of gibberellins differs between crops. GA4 and GA7 have been found to be very active in 





1968). In South Africa, GA4+7 is mainly used in the apple industry for reduction of calyx end russeting. It 
is also used in combination with the cytokinin, 6-benzyladenine, for fruit thinning and to improve apple 
fruit quality, through affecting the shape and size (Rademacher, 2015). Apple seeds are also a source 
of gibberellin: Dennis and Nitsch (1966) identified at least eleven GAs in apple seeds with predominantly 
GA4 and GA7 present.  
The similar chemical structures of GA4 and GA7 render it difficult to separate the two chemical structures 
from each other in fermentation extracts (Rademacher, 2015). Therefore, the GA7 content in products 
can differ by as much as 40% GA7 to insignificant amounts. The GA7 content in products from Fine 
Agrochemicals Ltd. has been found to be exceptionally low (Rademacher, 2015). Fungi other than G. 
fujikuroi have been tested for their GA-producing capability, especially for the production of GA4 
unaccompanied by GA7 but none have resulted in an alternative that could be produced on a commercial 
scale (Rademacher, 2015). The production of GAs is possible through chemical synthesis, but this 
process is not economically viable for the use on a commercial scale (Rademacher, 2015). 
Russeting in apples is controlled primarily by the GA4 component, whereas the GA7 component has 
lasting effects which could decrease the return fertility by reducing flower bud induction (Rademacher, 
2015). As mentioned above, these components are difficult to separate and produce for commercial 
use, therefore low GA7 content preparations are beneficial for the fertility of the crop.  
2.4.3 GA4+7 response in table grapes 
A study performed by Chundawat et al. (1971) on Kyoho (Vitis vinifera L. x Vitis labrusca L.), a seeded 
cultivar, evaluated GA4+7 applied four days before flowering at concentrations of 50, 75 and 100 ppm to 
determine the effect on fruit set, seedlessness and fruit quality. There was a significant increase in the 
number of berries per bunch as well as an increased bunch weight with the 75 and 100 ppm GA4+7 
treatments compared to the 50 ppm GA4+7 treatment (Chundawat et al., 1972). GA4+7 treatments applied 
at 75 and 100 ppm induced 100% seedlessness through parthenocarpy compared to the 50 ppm GA4+7 
treatment resulting in 95% seedlessness (Chundawat et al., 1972). A similar occurrence of seedless 
berries in Kyoho grapes was reported by Nakamura et al. (1974) with the use of 100 ppm GA4+7 
treatments under field conditions, as well as in Campbell Early and Delaware grapes tested under 
laboratory conditions (Kato et al., 1998). An increase in phenylalanine ammonia-lyase activity was 
recorded in the rachis of Kyoho grapes when treated with both GA4+7 and GA3 treatments, resulting in a 
thicker and harder rachis due to the increased lignin content (Nakamura et al., 1974). 
2.4.4 The mechanism and role of GA3  
The occurrence of flowers and berries that drop naturally has been linked to the competition between 





been reported to induce competition between sinks, such as berries and growth points, accompanied 
by the occurrence of decreased nutrient availability (Gil et al., 1994). Limiting the availability of nutrients 
during flowering can be obtained by removing leaves in the bunch zone, creating a shortage in nutrients 
available for the flowering process (Intrieri et al., 2008; Tardaguila et al., 2008; Molitor et al., 2011a). 
The practice of removing leaves in the bunch zone during flowering, along with a GA3 thinning 
application can be considered in cultivars that are less reactive to a GA3 thinning application on its own. 
The movement of photosynthate within the vine is affected by exogenous GA applications by favouring 
photosynthate translocation to the sites of GA application (Quinlan & Weaver, 1970). GA stimulates cell 
division and enlargement, creating an increased requirement for nutrients/ assimilates, which contribute 
to making the flower/berry a stronger sink and promoting an influx of photosynthate to the berries.  
The response of seeded table grape cultivars to an external GA thinning application have been reported 
by Boll et al. (2009) to be linked to the internal production of GA, especially GA8. A decreased thinning 
effect on bunches was recorded for cultivars producing more GA, indicating a lowered cultivar sensitivity 
towards an external GA thinning application, and vice versa (Boll et al., 2009). In this particular study, 
the quantity of cultivar specific GA produced could also be related to the number of pollen tubes 
occurring during flowering. A transcriptomic analysis performed by Chai et al. (2014) found that applying 
GAs to Centennial Seedless grapes after flowering led to expression changes of the terminal cell-wall 
enzymes that stimulate cell enlargement due to changes generated in the hormone signaling network 
by temporal and multi-level cross talk. 
2.4.5 GA3 response in table grapes 
2.4.5.1 Bunch elongation  
Less compact bunches can be achieved through an increase in rachis length (Gil et al., 1994). The use 
of a GA3 application prior to flowering has been reported to increase bunch length caused by an 
elongation of the rachis (Weaver & McCune, 1962; Miele et al., 1978; Molitor et al., 2012a). In cultivars 
such as Sultana and Exotic, Shavrukov et al. (2004) reported that the contributing mechanism causing 
rachis elongation was cell expansion rather than cell division. Molitor et al. (2012a) recorded the most 
significant results when GA3 was applied with the unfolding of seven leaves. 
2.4.5.2 Berry thinning 
The objective of a berry thinning action is to increase the spatial area available for larger berries to 
develop into, resulting in less compact bunches (Weaver & Pool, 1971; Reynolds et al., 2006; Domingos 
et al., 2016). The action of berry thinning can be achieved through either chemical berry thinning and/or 





2011). Chemical berry thinning involves the application of GA and is predominantly applied by means 
of a spray application in the table grape industry, with a direct spray that covers the whole canopy (Gil 
et al., 1994). Manual berry thinning is a time-consuming process requiring intensive labour inputs. The 
combination of time and labour makes this an expensive practice (Winkler et al., 1962; Christodoulou et 
al., 1966). 
The use of GA for berry thinning is a common practice used in seedless table grape production, but the 
effectivity depends on internal factors, namely cultivar and phenological stage at the time of application 
and external factors during flowering, namely water and nutrient status, temperature and humidity 
(Weaver & Pool, 1971; Dokoozlian & Peacock, 2001). A higher berry thinning success rate is achieved 
with cultivars that produce less GA3. These cultivars have been found to be more sensitive towards an 
external GA application, resulting in a more significant response (Boll et al., 2009).  
The use of GA3 for berry thinning increases the number of shot berries for specific cultivars (Lynn & 
Jensen, 1966; Hed et al., 2015). More recently, other PGRs such as ABA (Padmalatha et al., 2017; 
Mohamed et al., 2019) and ethylene have also been evaluated as thinning agents for table grapes, but 
are not registered for this purpose on table grapes. 
Application timing and rates for berry thinning 
The use of GA3 applications during flowering has been widely studied and has been shown to reduce 
berry set when applied to seedless table grapes cultivars (Lynn & Jensen, 1966; Weaver & Pool, 1971; 
Dokoozlian & Peacock, 2001). GA3 application at full-flowering is effective in reducing the fruit set rate, 
resulting in fewer berries per bunch (Christodoulou et al., 1966; Lynn & Jensen, 1966; Miele et al., 1978; 
Dokoozlian & Peacock, 2001). 
Determining the optimal timing and application for the use of GA for berry thinning has been extensively 
researched on various cultivars (Jensen, 1994; Dokoozlian, 1998 as cited by Dokoozlian & Peacock, 
2001). Apart from work done by Avenant (2000), no other studies to determine the optimal timing and 
application rate for the cultivar Sunred Seedless have yet been performed.  
Dokoozlian and Peacock (2001) evaluated various timings for berry thinning applications on Crimson 
Seedless. This included six different stages of flowering (1%; 5%; 20-30%; 50-60%; 80-90% & 100%), 
all applied at a rate of 2 g.ha-1. No significant differences were found in fruit set when applied at the 
different stages of flowering. In contrast, an increase in berry longitudinal length and berry mass was 
observed as the flowering stages increased. Based on their results of an increase in berry longitudinal 
length and berry mass, along with a 24% reduction in the number of berries per cm lateral length, 
compared to the untreated control, Dokoozlian and Peacock (2001) recommended applying GA3 





A second experiment performed by Dokoozlian and Peacock (2001) included different GA3 rates (2.50, 
6.25, 12.50, 18.75 & 25 g.ha-1) applied at 80% flowering. An increase in the appearance of shot berries 
was observed as the rate of GA3 applied during flowering increased (Dokoozlian & Peacock, 2001). 
Furthermore, sensitivity to the formation of shot berries after a GA3 treatment was noted to be cultivar 
dependent. Similarly, Christodoulou et al. (1966) also reported an increase in shot berries with increased 
GA rates, as well as when more than one GA3 application was applied during flowering. 
2.4.5.3 Berry sizing 
Specific seedless table grape cultivars, such as Thompson Seedless (Wolf & Loubser, 1992), require a 
GA treatment, applied after berry set to improve berry size. In contrast, a cultivar such as Sunred 
Seedless has a large natural berry size, which requires no berry sizing treatment. A GA application for 
sizing can be used to produce grapes for specific markets with large berry size requirements in order to 
increase the economic value of the grapes.  
Naturally produced gibberellins are limited in stenospermocarpic cultivars due to gibberellins only being 
produced before embryo abortion. This results in a smaller natural berry size in these seedless cultivars 
compared to seeded cultivars (Pérez et al., 2000). In order to meet export market requirements, an 
exogenous GA application is required and therefore the use of GA3 during early berry development has 
become a common practice in table grapes to increase berry size (Singh et al., 1978; Zabadal & Dittmer, 
2000; Casanova et al., 2009).  
The practice of improving berry size with the use of GA3 is often misused, with as many as up to five 
applications per season due to the potentially large economic gain (Casanova et al., 2009; Zoffoli et al., 
2009). Depending on the cultivar, the overuse of GA3 could lead to increased berry shatter (Retamales 
& Cooper, 1993), delayed ripening (Guelfat-Reich & Safran, 1973) as well as the possibility of decreased 
return fertility (Dokoozlian, 2000a; Raban et al., 2013).  
Various factors contribute to the success of the berry sizing application, including the cultivar, the rate 
and timing of the application as well as endogenous factors such as the hormonal and nutritional status 
of the vine and exogenous factors which include prevailing environmental conditions (Orth, 1990; 
Coombe & Dry, 1992; Mullins et al., 1992; Dokoozlian, 2000a; Ojeda et al., 2001; Casanova et al., 
2009). Increased GA application rates deliver larger berries along with an elevated sensitivity to defects 
developing on the surface of the berries (Wolf & Loubser, 1992).  
The action of berry sizing can be achieved through a full cover spray application of GA3 or by manually 





2.5 GRAPEVINE FERTILITY 
Grapevine fertility or fruitfulness is defined by either the number of inflorescence primordia per bud 
(Swanepoel & Baard, 1988; Ferrer et al., 2004) or the number of bunches per shoot (Iland et al., 2011). 
Inflorescence primordia initiate within the bud during the previous growing season, during which various 
factors such as physiological and environmental factors, influence bud fertility (May, 2000; Ferrer et al., 
2004). Seasonal variations in fertility are linked to the disparity in yield observed in each season – usually 
exceeding 15%, and sometimes as much as 35% (May, 1961; Chloupek et al., 2004; Keller & Mills, 
2004; Clingeleffer, 2010), with the number of berries per bunch and berry size being less sensitive 
variations linked to yield fluctuations (Vasconcelos et al., 2009). 
Quantifying the potential fertility of the grapevine during dormancy of the current season is possible, due 
to inflorescence primordia that have already initiated within the bud during the previous growing season 
(Barnard, 1932; Swanepoel & Archer, 1988; Swanepoel & Baard, 1988; Iland et al., 2011; Molitor et al., 
2012a). 
2.5.1 Factors affecting grapevine fertility 
2.5.1.1 Genetic factors 
Diversity within the Vitis genus, due to genotype variability (This et al., 2006), allows for the breeding of 
new cultivars better adapted to specific cultivation regions whilst ensuring optimal productivity (Dai et 
al., 2011). Grapevine genotypes (cultivars or clones) differ in bud fertility according to the position of 
these buds on the cane, as some genotypes have higher bud fertility at the base of the cane, whilst for 
others, it might be more towards the middle of the cane (Khanduja & Balasubrahmanyam, 1972; 
Bennett, 2002; Ferrer et al., 2004; Sánchez & Dokoozlian, 2005). 
The bud fertility characteristic of a cultivar plays a vital role in determining the cultural practices required, 
such as the pruning system with regards to the type and intensity of pruning (Ferrer et al., 2004). Pruning 
systems for table grapes in South Africa are based on the cultivar and cultivation region. Fertile cultivars 
are spur pruned, while less fertile cultivars are pruned with half long bearers or canes (Lombard et al., 
2006). Recommended pruning system have been assigned to cultivars based on their fertile bud 
positions and are summarised in Table 2.5. The cultivar Sunred Seedless experiences a higher bud 
fertility towards the base of the cane and can therefore be spur pruned (SATI, 2019a). The percentage 
of buds which differentiate into flower primordia is also cultivar dependent (Khanduja & 
Balasubrahmanyam, 1972), with a 30-40% differentiation rate in Sultana and 100% in Alphonse Lavallee 





Table 2.5: Recommended table and raisin grape pruning system, based on their fertile bud positions (adapted 
from Van der Vyver (2016); SATI (2019a) and Avenant & Avenant (2020)).  
Spur 
(2 buds) 




 Table grapes  
Alphonse Lavallée Autumn Crisp (Sugra 35)  Autumn Royal (10) 
Allison Allison Adora (Sugra 34) 
Arra 13 Barlinka (6-8)   Crimson Seedless (10) 
Arra 14 Bien Donné (4-6)  Midnight Beauty 
Autumn Crisp (Sugra 35)  Bonheur (4-6)  Ralli Seedless (10)  
Bien Donné Crimson Seedless (8-10)  Sugraone  
Bonheur Dan-ben-Hannah (4-6)  Sultanina  
Ebony Star Dauphine (6-8)   
Flame Seedless  Flame Seedless (6-8)  
Krissy Krissy   
La Rochelle  Majestic (4-6)   
Midnight Beauty  New Cross (4-6)   
Muska, Pirobella  Prime (4-6)   
Queen of the Vineyard  Red Globe (6-8)   
Prime  Waltham Cross (8)   
Regal Seedless  White Gem (4-6)  




Sundance    
Sunred Seedless    
Victoria   
Raisin grapes 
Datal  Black Monucca 
Muscat d’Alexandrie (Hanepoot)  Merbein Seedless 
Currants  Sultanina 
2.5.1.2 Morphological factors 
The relationship between bud fertility and the morphology of the grapevine cane includes factors such 
as length, diameter and the length of internodes (Khanduja & Balasubrahmanyam, 1972). Studies 
performed by various authors on wine grape cultivars (Pinot gris, Riesling & Sauvignon blanc) showed 
that there was a reduction in the number of inflorescences per shoot as the cane diameter decreased 
(Vasconcelos et al., 2009). Furthermore, pencil thickness is a general measure used in viticulture as a 





2.5.1.3 Physiological factors 
Plant hormones 
The process of flowering is highly dependent on two hormonal regulators, namely gibberellins and 
cytokinins (Vasconcelos et al., 2009). External applications of these hormonal regulators can influence 
grapevine fertility. Inflorescences can convert to tendrils when treated with gibberellins and the opposite 
occurs when uncommitted anlagen or young tendrils treated with cytokinins convert to inflorescence 
(Srinivasan & Mullins, 1981b; Mullins et al., 1992). 
In the grapevine, GAs contribute to anlagen formation and determine the development of the anlagen 
(Srinivasan & Mullins, 1980). The role of GAs are determined by the stage of bud development. During 
the early stages, GA will promote fertility since anlagen formation requires GA but during flower 
formation GA act as an inhibitor by directing differentiating anlagen to form tendrils (Khanduja & 
Balasubrahmanyam, 1972; Srinivasan & Mullins, 1981b; Mullins et al., 1992; Williams, 2000; Bennett, 
2002; Vasconcelos et al., 2009; Iland et al., 2011). 
Endogenous gibberellins can be detected in the xylem sap of grapevines (Srinivasan & Mullins, 1981b; 
Bennett, 2002). Grapevine sensitivity towards exogenous gibberellins applied at concentrations as low 
as 3μmol/L can inhibit the formation of inflorescences from the anlagen due to an induced bursting effect 
on the latent buds (Srinivasan & Mullins, 1981b; Mullins, 1986). Exogenous GA applied before the 
initiation process directs the anlagen formation to tendrils and inhibits flower bud formation. However, 
applying GA after flower bud formation had little impact (Khanduja & Balasubrahmanyam, 1972; Mullins 
et al., 1992; Williams, 2000). 
Cytokinins are synthesized in the roots and translocated to the developing inflorescence via xylem sap 
where it contributes to the regulation of flower differentiation (Mullins & Rajasekaran, 1981; Srinivasan 
& Mullins, 1981a; Srinivasan & Mullins, 1981b; Lavee, 1987; Mullins et al., 1992; Bennett, 2002). 
Cytokinins influence grapevine fertility by regulating the development of inflorescence primordia during 
bud break and flower formation and an increased cytokinin concentration is found in the xylem sap at 
these particular times (Khanduja & Balasubrahmanyam, 1972; Srinivasan & Mullins, 1979; Mullins, 
1986; Mullins et al., 1992; Williams, 2000; Bennett, 2002; Iland et al., 2011). A constant supply of 
endogenous cytokinins into the anlagen is required for the formation of flowers in the grapevine 
(Srinivasan & Mullins, 1980; Srinivasan & Mullins 1981b). 
Carbohydrates  
Carbohydrates are essential for the reproductive cycle of the grapevine (Caspari et al., 1998), where 





buds receive carbohydrates from shoot reserves and leaves on the same side of the shoot. Compared 
to developing flowers, bunches and growth points are weak sinks for carbohydrates (Hale & Weaver, 
1962). During their early development, young leaves are sink organs (Lebon et al., 2008). Consequently, 
carbohydrate reserves remain the primary source of energy for the development of buds and 
inflorescences until the leaves become a source of assimilates. Leaf removal during the early part of 
the growing season or a high percentage of leaf removal can contribute to reduced accumulation of 
carbohydrate reserves, thereby reducing the potential bud fertility for the following season (Candolfi-
Vasconcelos & Koblet, 1990; Duchêne et al., 2003a; Duchêne et al., 2003b; Bennett et al., 2005). 
A negative impact on bud fertility is observed with a reduction in photosynthesis during or shortly after 
flowering (Candolfi-Vasconcelos & Koblet, 1990; Bennett, 2002). Studies have reported a positive 
correlation between the accumulation of carbohydrate reserves in the annual wood and bud fertility the 
following season, regarding the number of inflorescences and flower number per inflorescence 
(Candolfi-Vasconcelos & Koblet, 1990; Howell et al., 1994; Keller & Koblet, 1995, Duchêne et al., 2003a, 
Duchêne et al., 2003b; Bennett et al., 2005; Lebon et al., 2008). Early bunch development is influenced 
by the carbohydrate reserve content in latent buds and contributes to a positive mean primordia size 
during inflorescence initiation (Antcliff & Webster, 1955).  
Nutrients 
An adequate nutrient status, especially for nitrogen (N), is required for inflorescence primordia formation 
and flower differentiation (Khanduja & Balasubrahmanyam, 1972; Mullins et al., 1992; Williams, 2000; 
Vasconcelos et al., 2009; Iland et al., 2011). The oversupply of N during flower primordia initiation has 
been reported to reduce the number of differentiated inflorescences (Winkler et al., 1962; Khanduja & 
Balasubrahmanyam, 1972; Srinivasan & Mullins, 1981b; Mullins et al., 1992; Vasconcelos et al., 2009). 
With an adequate phosphate (P) nutrient status, bud fertility is promoted as phosphate is required for 
the support of initiated inflorescence primordia (Skinner & Matthews, 1989; Vasconcelos et al., 2009). 
In the grapevine, potassium (K) plays an essential role in the activation of enzymes and the movement 
of carbohydrates (Bouard, 1968). The correction of a K deficiency with an exogenous application of K 
to the soil has been found to increase bud fertility (Christensen, 1975, as cited by Li-Mallet et al., 2016). 
High levels of cytokinin produced by the roots are associated with an adequate N, P and K nutrient 
status within the grapevine (Jako, 1976; Srinivasan & Mullins, 1981a; Srinivasan & Mullins, 1981b). 
Micronutrients, such as zinc play a role in pollen formation and a deficit could inhibit pollination (Keller, 
2010). Boron is essential for ovule fertilization as it plays a role in pollen germination and tube growth 
(Alva et al., 2015). These micronutrient deficits may lead to excessive flower drop, resulting in reduced 





2.5.1.4 Environmental conditions 
Temperature 
Favourable conditions for the formation of inflorescence primordia is reported at high temperatures 
(Khanduja & Balasubrahmanyam, 1972; Srinivasan & Mullins, 1981b; Mullins et al., 1992; Dunn & 
Martin, 2000; Iland et al., 2011). These temperatures range from above 20°C to 35°C, depending on the 
cultivar and its origin (Winkler et al., 1962; Khanduja & Balasubrahmanyam, 1972; Srinivasan & Mullins, 
1981b; Moncur et al., 1989; Dunn & Martin, 2000; Sommer et al., 2000; Sánchez & Dokoozlian, 2005). 
The optimum temperature for inflorescence primordia formation in Vitis vinifera cultivars range from 
25°C to 28°C (Buttrose, 1970; Srinivasan & Mullins, 1981b; Mullins et al., 1992). Temperatures over 
35°C between flowering and berry set resulted in reduced berry set in Pinot noir and Carignane (Kliewer, 
1977). Early spring temperatures of below 20°C were associated with an increased formation of tendril 
primordia, resulting in reduced fertility (Buttrose, 1970). During the critical time of inflorescence 
primordia induction and differentiation, a daily period of four to five hours of high temperature is required 
to promote the formation of inflorescence primordia (Buttrose, 1970; Srinivasan & Mullins, 1981b; Dunn 
& Martin, 2000).  
Temperature plays a vital role in grapevine fertility. Relationships have been reported between the 
maximum temperature in season one and flower number per shoot in season two (Palma & Jackson, 
1989), as well as the temperature at initiation in season one and bunches per shoot in season two 
(Vasconcelos et al., 2009). 
Light 
Sufficient light in the renewal zone during fruit bud initiation is essential for optimal bud fertility as shading 
can reduce bud fertility of the following season by decreasing both the number and size of inflorescence 
primordia formed in the primary bud (Khanduja & Balasubrahmanyam, 1972; Srinivasan & Mullins, 
1981b; Lavee, 1987; Smart & Smith, 1988; Williams, 2000; Sánchez & Dokoozlian, 2005; Vasconcelos 
et al., 2009; Iland et al., 2011). May et al. (1976), as well as Perez and Kliewer (1990), reported that 
buds located inside the canopy were less fertile than buds located on the outside of the canopy. Light 
can influence fertility either directly by affecting the bud itself, with shading increasing the occurrence of 
bud necrosis (Perez & Kliewer, 1990) or indirectly by affecting photosynthesis and carbohydrate 
availability (Vasconcelos et al., 2009; Li-Mallet et al., 2016). The availability of carbohydrate reserves 
plays a role in the flower number per inflorescence and number of inflorescences per vine of the next 
season (Bennett et al., 2005; Eltom et al., 2017). 
Optimal bud fertility for wine grapes is reached at a light intensity of 800 μE.m-2.s-1 (Archer, 2011). Light 





Increased light exposure to shoots of Flame Seedless and Thompson Seedless increased their fertility 
(Sánchez & Dokoozlian, 2005). A positive correlation between light exposure and the diameter of 
inflorescence primordia in primary buds has been recorded (Sánchez & Dokoozlian, 2005). 
Water 
Inflorescence development is highly influenced by water stress, especially during the first four weeks of 
flowering (Winkler et al., 1962; Srinivasan & Mullins, 1981b; Mullins et al., 1992; Williams, 2000; 
Vasconcelos et al., 2009). The influence of water stress on bud fertility is higher early during the growing 
season (Myburgh, 2003). The impact of water stress on fertility can be indirect by influencing 
photosynthesis, plant hormonal balance and carbohydrate availability or direct through water availability 
during cell division and enlargement (Vasconcelos et al., 2009). Potential berry growth is affected 
through a reduction in the number of cells per berry due to the impeding effect of water stress on the 
cell division process (Matthews et al., 1987; McCarthy, 1997). 
Extended periods of water stress can reduce bud fertility the following season by decreasing the number 
and size of inflorescence primordia. This is a likely explanation for the higher yields associated with 
irrigated vines compared to dryland vines (Winkler et al., 1962; Srinivasan & Mullins, 1981b; Mullins et 
al., 1992; Iland et al., 2011). Water stress during bud break has been associated with decreased and 
inconsistent bud break (Vasconcelos et al., 2009). 
2.5.1.5 Viticultural practices  
Trellis system, row direction, canopy management and pruning 
Canopy microclimate is influenced by the amount and angle of light interception within the canopy, in 
turn affecting bud fertility (Dry, 2000; Poni et al., 2003; Iland et al., 2011). Canopy management 
practices, namely the type of trellis system used, row orientation, spacing and shoot orientation, number 
of shoots, tipping and topping of shoots and leaf removal can be used to manipulate light interception 
within the canopy (Dry, 2000; Iland et al., 2011).  
The correlation between trellis system and yield can be ascribed to the exposure of leaves to solar 
radiation (Sanchez-Rodriguez & Spósito, 2020). Trellis systems like the Gable trellis or Geneva double 
curtain system improve light exposure due to the split canopy architecture, improving bud fertility and 
grapevine yield (Winkler et al., 1962; Srinivasan & Mullins, 1981b; Mullins et al., 1992; Iland et al., 2011; 
Shoeib, 2012). 
Hunter et al. (2018) defined row orientation as a driver of grapevine yield and berry composition as it 
affects the fertility of buds, development of berries, lignification of shoots as well as the overall plant 





in order to reduce excessive shading, allowing light exposure and air penetration through the canopy 
(Bravetti et al., 2010; Silvestroni et al., 2016). 
In grapevines, winter pruning is performed between leaf fall and bud break (Winkler et al., 1962; Dunn 
& Martin, 2000). It provides the opportunity to optimize yield by selecting the correct pruning system 
based on the cultivar’s fertile bud positions (Table 2.5) and improving bud formation by awarding the 
optimal number of canes per vine, in order to prevent overcropping (Winkler et al., 1962). The intensity 
of winter pruning influences the size of inflorescences and the number of flowers, Dunn and Martin 
(2007) attributed this phenomenon to the decreased number of carbon sinks.  
Rootstock selection 
The choice of rootstock influences the vegetative growth and yield of the scion cultivar (Keller et al., 
2001; Sommer et al., 2001). Selecting the wrong rootstock could negatively affect grapevine fertility 
(Winkler et al., 1962; Khanduja & Balasubrahmanyam, 1972; Mullins et al., 1992; Iland et al., 2011). 
Increased canopy density due to the use of a vigorous rootstock could decrease fertility as a result of 
excessive shading of buds, inhibiting inflorescence induction and initiation (Sommer et al., 2000). The 
rootstock Ramsey is known to increase vegetative growth of the scion cultivar, resulting in dense 
canopies if poor canopy management is practiced (Sommer et al., 1993). 
Plant growth regulators 
The effect of PGRs on grapevine fertility is discussed in Section 2.5.3. 
2.5.2 Methods for determining potential grapevine fertility 
The assessment of grapevine bud fertility during the winter serves as a measure of the number of 
inflorescence primordia that could potentially develop into bunches (Dry, 2000). The potential fertility 
can be determined during grapevine dormancy through the use of two methods, namely bud dissection 
and forced budding (Sommer et al., 2000). The potential fertility only represents an estimate of the actual 
grapevine fertility. The actual fertility should be determined in spring by recording the number of bunches 
present after bud break as soon as they are clearly visible (Khanduja & Abbas, 1973; Swanepoel & 
Baard, 1988; Candolfi-Vasconcelos & Koblet, 1990; Williams, 2000) and before commercial crop control 
(removal of some of the bunches) is applied.  
2.5.2.1 Bud dissection 
The assessment of bud fertility, as well as crop forecasting in table grapes, are possible with the use of 
stereomicroscope bud dissections (Barnard, 1932; Khanduja & Abbas, 1973; Swanepoel & Baard, 1988; 





buds under a microscope and counting the number of inflorescence primordia present (Antcliff & 
Webster, 1955; Swanepoel & Baard, 1988; Iland et al., 2011). 
2.5.2.2 Forced budding 
Single-node cuttings are placed in a glasshouse under controlled climatic conditions (˚C) promoting bud 
break in order to determine the potential fertility by counting the number of inflorescences present 
(Buttrose, 1969; Khanduja & Abbas, 1973; May & Antcliff, 1973; Shulman et al., 1983; Swanepoel & 
Baard, 1988; Palma & Jackson, 1989; Dunn & Martin, 2000; Iland et al., 2011). 
Potential fertility can be used to determine the correct pruning system for each cultivar and to make 
adjustments for specific seasons, depending on the level of fertility. Pruning methods promoting optimal 
yields can be selected during low potential fertility seasons and pruning methods that eliminate 
overcropping can be used in high potential fertility seasons (Antcliff & Webster, 1955; Khanduja & 
Abbas, 1973). 
2.5.3 The effect of gibberellic acid applications on grapevine return fertility 
Research on the impact of plant growth regulators on the fruitfulness or return fertility of the grapevine 
is limited and extremely limited for GA4+7. The effect of GA4+7 on the return fertility of the grapevine have 
not yet been reported on, but Davis (2002) found that GA4+7 treatments decreased apple flower bud 
formation. Studies have reported a reduced number of bunches the year after application (Weaver, 
1960), an inhibition and reduction in the formation of inflorescences (Palma & Jackson, 1989) as well 
as an increase in the occurrence of bud necrosis (Lavee et al.,1981). All of these were associated with 
a reduction in return fertility due to the application of GA3. Variability in the degree of decreased return 
fertility caused by a GA3 application can be ascribed to various factors such as cultivar, phenological 
stage at the time of application, application rate, number of applications and seasonality (Lavee et al., 
1981; Dokoozlian, 2000a). 
Most of the causes, as reported by authors, of reduced fertility associated with an GA3 application can 
be ascribed to four possible contributing factors: application timing, rate of GA3 applied, along with the 
number of applications and lastly the method of GA3 application. Most studies found the reduction in 
fertility to be related with one or a combination of those factors. 
2.5.3.1 Application timing 
Authors have associated the reduction in the return fertility of the vine with the timing of GA3 applications, 
both for stretching and thinning. The use of a stretching application with GA3 for increased bunch length 
is usually applied before flowering when bunches are between 6 and 9 cm long, according to registration 





fertility of the following season is being determined and therefore has the most significant impact on the 
vine’s fertility in the following season. Molitor et al. (2012a) concluded that the possibility that a GA3 
application 5-7 weeks after bud break, coinciding with the initiation and differentiation of primordia, could 
promote the differentiation of anlagen to tendrils rather than inflorescences. A pre-flowering GA 
application could, therefore reduce the number of inflorescences per shoot. Thinning applications of 
GA3, applied during flowering (Mullins et al., 1992) or shortly afterwards (Weaver & McCune, 1959, cited 
by Lavee et al., 1993), have been found by researchers to affect the vine’s fertility in the season 
thereafter negatively.  
2.5.3.2 Application rate and number of applications 
Studies have found that the use of a full cover GA3 application (Coombe & Dry, 1992) at increased rates 
can decrease the fertility of the vine in the following season for cultivars such as Thompson Seedless 
(Jawanda et al., 1974) and Ruby Seedless (Peacock, 1998). A decrease in vine fertility in the season of 
application, as well as the following season, have been recorded by Korkutal et al. (2008) and this was 
due to the use of high GA3 concentrations. 
No decrease in vine fertility was observed in a thinning trial with GA3 concentrations up to 25 ppm, 
applied before flowering and during the late stages of flowering on Chardonnay and Vignoles wine 
grapes (Hed et al., 2011). Furthermore, the authors ascribed decreased fertility reported not only to be 
associated with the use of much higher concentrations than the 25 ppm used in their experiment but 
also depending on the cultivar and phenological stage of the vine during the application.  
2.5.3.3 A combination of application timing and application rate 
A GA3 application applied at high rates can lead to a reduction in the return fertility of the vine if applied 
during the time when the potential fertility of the following season is being determined through the 
initiation of flower primordia (Elgendy et al., 2012).  
A decrease in return fertility was observed in Riesling for two seasons following a GA3 application applied 
at 50 ppm during 50-80% flowering (Weyand & Schultz, 2005). Compared to the recommended dosage 
rates for table grape cultivars in South Africa (Table 2.6), ranging from 1 ppm to 7.5 ppm, except for 30 
ppm for Thompson Seedless, a rate of 50 ppm applied during flowering is exceptionally high. Dokoozlian 
and Peacock (2001) also reported a decrease in return fertility for two consecutive seasons following 
GA3 applications applied at rates ranging from 6.25 to 25 g.ha-1 during 80% flowering in Crimson 
Seedless. Lavee (1987) suggested that increased levels of GA3 found in vigorous vines, especially after 
flowering, promote the development of primary bud necrosis. Berry sizing applications have also been 
associated with a reduction in fertility, but mostly due to the increased application rates associated with 





Table 2.6: Cultivar specific recommendations regarding timing of application and dosage rate for GA3 thinning and 
berry sizing applications under South African conditions (SATI, 2019a).  
Cultivar 






(berry size in mm) 
Dosage Rate 
(ppm) 
Autumn Crisp (Sugra 35)  7-8 mm 3 ppm 
Crimson Seedless 10% berry set 1 ppm  
Prime 10% berry set 1-2 ppm 9-10 mm 15-20 ppm (dip) 
Thompson Seedless 
50% flowering 10 ppm 
50% of berries at 
4-5mm 
20-30 ppm 
80% flowering 10 ppm 
75% of berries at 
4-5mm 
20-30 ppm 
10% berry set 10 ppm 




10% berry set 1.5 ppm 
8-10 mm 6 ppm 
3 days later 1.5 ppm 
Starlight 10% berry set 1-2 ppm 9-12 mm 15-20 ppm (dip) 
Sheegene 20 (Allison) 10% berry set 1-2 ppm 6-8 mm 2-3 ppm 
Tawny Seedless 10% berry set 1 ppm 6-7 mm 5-7.5 ppm 
Red Globe  12-14 mm 20 ppm 
Arra 13 10% berry set 1.5 ppm 6-7 mm 20 ppm 
Flame Seedless 80% flowering 5-7.5 ppm 
7-8 mm 20-30 ppm 
8-9 mm 20-30 ppm 
2.5.3.4 Application method 
According to a study performed on the method of application, a decrease in return fertility was observed 
in Muscat Seedless where a GA3 treatment was applied as a full cover spray compared to the dipping 
of bunches in a GA3 solution (Orth, 1990). Lavee et al. (1981) also found increased bud necrosis for GA3 
applications with direct bud contact.  
2.6 CONCLUSION 
In grapevines, seeded berries develop through normal set, whereas seedless berries develop through 
either parthenocarpy or stenospermocarpy. Table grape cultivars that set through stenospermocarpy 
include Crimson Seedless, Sunred Seedless, Prime, Thompson Seedless, Scarlotta Seedless, Midnight 
Beauty, Flame Seedless and Early Sweet. Specific seedless cultivars that set through 
stenospermocarpy tend to set detectable rudimentary seeds which decrease the eating quality, as well 
as marketability of these grapes. An increased occurrence of seedless berries has been reported by 





Depending on the cultivar, the use of PGRs in table grape production has become a standard practice, 
assisting in meeting market requirements. Consumer preferences with regards to seedlessness, berry 
shape and size, colour uniformity, rachis colour as well as bunch shape, size and compactness, 
determine these market requirements. GA3 is the most widely used PGR in table grapes and is mainly 
used on seedless cultivars for berry sizing as well as bunch stretching and berry thinning on cultivars 
that tend to set too compact bunches. The intended outcome for the use of PGRs is influenced by factors 
such as the cultivar, phenological stage at application, applications rate and the number of applications. 
The following season's fertility is affected by cultural or chemical practices applied in the current season. 
The formation of clusters through the initiation and differentiation of inflorescence primordia, during 
spring and summer of the current season, will determine the yield potential for the following season. 
Observations in the table grape industry have indicated that the use of GA3 is associated with decreased 
bud fertility. The availability of published research articles on the use of GA3 leading to decreased return 
fertility are minimal and non-existing for GA4+7. 
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CHAPTER 3:  
Materials and methods 
3.1 SITE DESCRIPTION 
The experiment was conducted over the 2015/2016 and 2016/2017 growing seasons in a 
commercial vineyard located on the premises of the ARC Infruitec-Nietvoorbij experimental farm in 
De Doorns (33°27'56"S, 19°39'44"E). The experimental vineyard consisted of 15-year-old Vitis 
vinifera L. cv. Sunred Seedless vines, grafted onto Ramsey (Vitis champinii). The vigour of the block 
is considered moderate. The vines were planted with a 3.0 m × 1.8 m spacing in an East-West row 
direction and trained onto a Trentina trellis system. Grapevines were irrigated through micro-
sprinklers during the growing season on a fixed schedule. The Fernwood soil form found at the 
experimental site is representative of the Hex River region with grey, sandy soils (Myburgh & Howell, 
2007). The sandy soil at the site contained predominantly medium (42.44%), fine (30.8%) and coarse 
sand (23.7%), with low clay (2.0%) and silt (0.6%) content (Myburgh & Howell, 2007). 
The vines were pruned with an average of six half long bearers (nine to ten buds per cane) and 
twelve spurs (two to three buds) per vine. Standard canopy management practices were applied, 
which included suckering, leaf removal and crop control. Leaf removal around the bunch zone was 
applied before the application of plant growth regulators. The crop load was reduced to 28 bunches 
per vine before flowering as part of crop control practices.  
3.1.1 Long term weather data 
The weather station, Normandi, was used as the source of weather data for the 2015/2016 and 
2016/2017 seasons (Source: Ileaf: www.ileaf.co.za). Normandi is situated approximately 3.27 km 
from the experimental site. The Hex River Valley has a Mediterranean climate with warm, dry 
summer periods and cold, wet winter periods.  
The average monthly minimum and maximum temperatures from January 2015 to March 2017 are 
given in Figure 3.1. For the 2015/2016 season, the average minimum and maximum temperatures 
for November to January was 12.6°C and 29.5°C, respectively, compared to 12.2°C and 30.6°C, for 
the same period of the 2016/2017 season. January 2017 had lower minimum temperatures 
compared to January 2016. The warmest month of the year in the region, January is also the month 
in which Sunred Seedless ripens. Grapes were harvested on the same date in each season. During 
August to October 2016, notably lower minimum temperatures occurred compared to the same 




November 2015. Apart from the exceptions mentioned above, the minimum and maximum 
temperatures over the 2015/2016 and 2016/2017 season followed similar trends (Fig. 3.1).  
The Hex River Valley is a winter rainfall region. The total monthly rainfall for De Doorns recorded at 
the Normandi weather station from June 2015 to August 2017 is given in Figure 3.2. Rainfall differed 
substantially between the two seasons. The months of June to August 2015 had a total rainfall of 
700.6 mm compared to 103.6 mm in 2016 and 39.1 in 2017. The rainfall of 2015 was typical of a 
winter rainfall region, with the highest rainfall months recorded from June to August. The rainfall for 
2016 ranged from January to August with very low rainfall recorded over the winter months (Fig. 
3.2). As expected for the region, there was very  low rainfall in the month of harvest (January) with 
an average of 0.25 mm and 0.04 mm recorded for 2015/2016 and the 2016/2017 seasons, 
respectively.  
Figure 3.1: Average monthly minimum and maximum temperature for De Doorns, Hex River Valley, for the 
2015/2016 and 2016/2017 seasons (Source: Ileaf: www.ileaf.co.za).  





The chill unit accumulation for De Doorns, from May to August for 2015, 2016 and 2017, is given in 
Figure 3.3. The chill unit accumulation is expressed as Richardson or Utah units (Richardson et al., 
1974), as well as Infruitec or Daily Positive Chilling Units (DPCU) (Linsley-Noakes & Allan, 1994) as 
cited by (Luedeling, 2012). 
A study performed by Dokoozlian (1999) indicated that a minimum of 200 hours is required at 
temperatures ranging between 0°C and 10°C to obtain high (≥ 80%) bud break, while 400 hours in 
this temperature range is required to obtain both high and even bud break. Long term temperature 
data, as researched by Avenant and Avenant (2014), indicates that De Doorns accumulates more 
than 400 chill units from May to August. From May to August for 2015, 2016 and 2017, De Doorns 
received more than the required cold units in order to ensure high and even bud break (Fig. 3.3). 
Therefore, the use of rest breaking agents in the De Doorns area to acquire high percentages of bud 
break is not required, but it could still be used to promote even bud break.  
The Winkler index for viticulture serves as a classification for growth potential, based on the climatic 
potential of the production area (Winkler et al., 1974). De Doorns or the Hex River Valley falls within 
region III of the Winkler index, which entails moderately warm temperatures ideal for producing 
grapes of colour (Winkler et al., 1974). 
The daily, as well as total heat units expressed in degree hours, with a base temperature of 10°C, is 
given in Figure 3.4. The heat unit accumulation for the 2015/2016 season reached 67085-degree 
hours compared to 67448 for the 2016/2017 season. Although the heat accumulation for the two 
seasons is very similar, significant heat unit fluctuations for the 2015/2016 season were observed 
during the end of October (around full bloom), until early December (before the start of véraison) 







Figure 3.3: Chill unit accumulation for De Doorns, Hex River Valley, from May to August for 2015, 2016 and 2017 (Source: Ileaf: www.ileaf.co.za).  





The phenology followed a similar trend in the 2015/2016 and 2016/2017 seasons, reaching bud 
break, full bloom, véraison and harvest all within a maximum of three days apart (Table 3.1).  
Table 3.1: Phenological stages for the 2015/2016 and 2016/2017 seasons.  
Phenological stage 2015/2016 Season 2016/2017 Season 
Bud break 29 August 30 August 
Full bloom 29 October 1 November 
Véraison 20 December 23 December 
Harvest 26 January 26 January 
The temperature conditions and average relative humidity (RH) one day before and one day after 
bud break and full bloom, as well as the ripening period (véraison – harvest) for both seasons are 
presented in Table 3.2.  
Table 3.2: Temperature conditions and average relative humidity around bud break, full bloom and ripening 
at De Doorns, Hex River Valley for the 2015/2016 and 2016/2017 seasons (Source: Ileaf: www.ileaf.co.za). 









Bud break 2015 
28/08/15 9.8 24.7 16.3 69.0 
29/08/15 6.7 21.2 13.3 72.1 
30/08/15 11.6 13.5 12.7 87.9 
Bud break 2016 
29/08/16 8.1 32.1 18.9 54.3 
30/08/16 7.0 32.4 17.6 57.7 
31/08/16 8.7 28.7 17.0 48.3 
Full bloom 2015 
28/10/15 11.0 36.0 22.3 47.0 
29/10/15 13.3 27.8 19.7 65.1 
30/10/15 11.5 24.1 16.9 74.5 
Full bloom 2016 
31/10/16 7.0 28.2 19.2 50.6 
01/11/16 8.6 30.7 19.9 61.9 








13.9* 31.7* 22.9* 54.3* 





3.2 EXPERIMENTAL DESIGN AND LAYOUT 
To investigate the optimal phenological stage for a chemical thinning application on Sunred 
Seedless, a split-plot design was used, with two GA formulations applied at different concentrations 
as the main plot factor and the phenological stage of these thinning applications, ranging from 
flowering to set, the subplot factor.  
The main plot design consisted of a randomised complete block design, with nine treatments which 
were replicated four times. The layout of the experimental block (Fig. 3.5) consisted of six rows, with 
each row containing six experimental units. Each experimental unit contained four vines, with the 
two centre vines used as the experimental data unit. Field sampling was performed in the data 
experimental unit. 
Figure 3.5: Experimental layout of the Sunred Seedless GA thinning trial at De Doorns Experimental Farm.  
3.3 MAIN PLOT TREATMENTS 
The main plot GA thinning treatment consisted of two GA formulations, namely GA3 (commercial 
product: ProGibb® 40%; supplier: Valent BioSciences™, A Division of Philagro SA (Pty) Ltd., 
Somerset West) and GA4+7 (commercial product: Novagib® 10 SL; supplier: Fine Agrochemicals 
Limited; distributor: Villa Crop Protection, Kempton Park), applied at different concentrations. The 
commercial standard concentration of GA3 recommended for the thinning of Sunred Seedless was 
used. In contrast to GA3, there is no recommended norm for applying GA4+7 for thinning or berry 
sizing of table grapes. Therefore, GA4+7 was applied at three different concentrations during the first 
season (2015/2016) and five different concentrations during the second season (2016/2017). In the 
second season, two additional treatments were added, a GA4+7 thinning and berry sizing treatment 
and a GA4+7 berry sizing only treatment.  
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All treatments, in combination with a wetting agent (Villa 51), were applied with a 13L Stihl mist 
blower by directing the spray nozzle towards the bunch zone (Fig. 3.6 A). The experimental units 
surrounding the treatment being applied were covered with plastic sheets to prevent contamination 
between treatments (Fig. 3.6 B). The application of treatments took place between 6:00 am and 8:00 
am, with the temperature ranging from 11.27°C to 13.57°C (Table 3.3). Wind speed during the time 
of application for both seasons was low enough not to cause excessive drift (Table 3.3).  
Table 3.3: Temperate, relative humidity and wind speed conditions during the application of treatments for 
both 2015/2016 and 2016/2017 seasons, for De Doorns, Hex River Valley (Source: Ileaf: www.ileaf.co.za).  
In this experiment, the efficacy of a standard GA3 thinning treatment, recommended for Sunred 
Seedless, was compared to various concentrations of a GA4+7 thinning treatment. Along with thinning 
efficacy, the optimal phenological stage to apply a GA thinning treatment on Sunred Seedless was 
also determined. This was done by including a subplot factor, that consisted of bunches which were 
at different phenological stages on the day of application. The subplot factor is described in Section 
3.4. 
3.3.1 2015/2016 season 
The main plot GA3 and GA4+7 thinning treatments for the first season were applied on two different 
application dates, namely 31 October 2015 and 4 November 2015. Visual observations revealed that 














10/31/2015 Thinning 6:00 - 8:00 11.27 84.33 1.82 
11/04/2015 Thinning 6:00 - 8:00 12.53 48.33 2.52 
2016/ 
2017 
11/03/2016 Thinning 6:00 - 8:00 13.57 77.20 0.40 
11/10/2016 Sizing 6:00 - 8:00 11.63 79.67 0.41 
Figure 3.6: A) Application method used for applying the treatments directly at the bunch zone and B) Plastic 





most of the clusters were at a phenological stage of 10% berry set on 31 October 2015 and at berry 
set on 4 November 2015. During a commercial thinning application, the phenological stage required 
for thinning is determined by visual observation of the clusters. To avoid confusion between the 
phenological stage determined by commercial standards and the individually marked phenological 
stage per cluster, as described in Section 3.4, the application at 10% berry set (31 October 2015) 
will hereafter be referred to as the early application and the application at berry set (4 November 
2015) as the late application. At each of the two application dates, the standard GA3 concentration 
recommended for thinning was applied along with three different GA4+7 concentrations (Table 3.4).  
Nine treatments were applied (Table 3.4): Treatment 1 was a control treatment and no thinning 
treatment was applied. Treatments 2 to 5 were applied as an early application on 31 October 2015 
and Treatments 6 to 9 were applied as a late application on 4 November 2015. Treatment 2 and 6 
(5 ppm GA3), consisted of a GA3 thinning treatment applied at the commercial concentration 
recommended for Sunred Seedless. Treatment 3 and 7 (7.5 ppm GA4+7) consisted of a GA4+7 thinning 
treatment applied at half the concentration recommended by the supplier of the GA4+7 product. 
Treatment 4 and 8 (15 ppm GA4+7) consisted of a GA4+7 thinning treatment applied at the 
concentration recommended by the supplier. Treatment 5 and 9 (30 ppm GA4+7) consisted of a GA4+7 
thinning treatment applied at double the concentration recommended by the supplier.  
Treatment code GA formulation Rate 
Commercial phenological 
stage and application date 
T1 Untreated control No thinning application - 
T2 GA3 5 ppm 
Early application 
(10% Berry set on 31 October 
2015) 
T3  GA4+7 7.5 ppm 
T4  GA4+7 15 ppm 
T5  GA4+7 30 ppm 
T6  GA3 5 ppm 
Late application 
(Berry set on 4 November 
2015) 
T7  GA4+7 7.5 ppm 
T8  GA4+7 15 ppm 
T9  GA4+7 30 ppm 




3.3.2 2016/2017 season 
Results obtained with the treatments applied in 2015/2016 were discussed with the developer of the 
GA4+7 and the treatments to be applied in 2016/2017 were planned in consultation with them. 
Treatments for the second season consisted of GA3 and GA4+7 thinning treatments applied on 3 
November 2016 and a GA4+7 berry sizing treatment applied on 10 November 2016. To determine the 
optimal phenological stage for a GA thinning application on Sunred Seedless, the split-plot factor 
contained bunches marked at four different phenological stages present in the vineyard on the day 
of application, described in Section 3.4.2. The second application for berry sizing was applied when 
most of the berries reached 6-8 mm in diameter.  
Nine treatments were applied in the 2016/2017 season (Table 3.5): Treatment 1 was a control 
treatment and no thinning treatment was applied. Treatment 2 (5 ppm GA3) consisted of a GA3 
thinning treatment applied at the commercial concentration recommended for Sunred Seedless. 
Treatment 3 (7.5 ppm GA4+7), Treatment 4 (15 ppm GA4+7) and Treatment 5 (30 ppm GA4+7) 
contained a GA4+7 thinning treatment applied at concentrations recommended by the developer of 
the GA4+7 product for the first season of the experiment. Treatment 6 (60 ppm GA4+7) and Treatment 
7 (120 ppm GA4+7) consisted of a GA4+7 thinning treatment applied at concentrations recommended 
by the developer for the second season of the experiment. Treatment 8 (60 ppm GA4+7 + 60 ppm 
GA4+7) consisted of a GA4+7 thinning treatment followed by a berry sizing treatment applied at 
concentrations recommended by the developer for the second season of the experiment. Treatment 
9 (60 ppm GA4+7) contained no thinning treatment, but a GA4+7 berry sizing treatment was applied at 
a concentration recommended by the developer. 
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10% set and 
berry set. 
No sizing application 
T2 GA3 5 ppm 
No sizing application 
T3  GA4+7 7.5 ppm 
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T5  
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T8  GA4+7 60 ppm 60 ppm 
6-8 mm berry 




3.4 SUBPLOT FACTORS 
3.4.1 2015/2016 season 
Before applying the GA thinning treatments, three different phenological stages present in the 
vineyard on the day were identified. Within each experimental data unit, six inflorescences per 
phenological stage (subplot factor) were marked using insulation tape. Different colours of insulation 
tape were placed around the peduncle of bunches to indicate the different phenological stages.  
On the first application date, 31 October 2015, the three phenological stages identified were: 80-
100% flowering (80-100%F), marked with red insulation tape around the peduncle; 10% berry set 
(10%BS), marked with green insulation tape, and berry set (BS), marked with blue insulation tape 
(Table 3.6). The treatments receiving the GA thinning application on the first application date had a 
total of 18 marked inflorescences per experimental data unit. 
On the second application date, 4 November 2015, the three phenological stages identified were: 
10%BS, marked with red insulation tape around the pedicel; BS, marked with green insulation tape, 
and berry set + 4 days (BS+4D), marked with blue insulation tape (Table 3.6). The treatments 
receiving the GA thinning application on the second application date had a total of 18 marked 
inflorescences per experimental data unit. 
Application date 
Phenological stage/ 
Subplot treatment  
(at thinning) 
Code Colour marker 
31 October 2015 
80-100% Flowering 80-100%F Red 
10% Berry set 10%BS Green 
Berry Set BS Blue 
4 November 2015 
10% Berry set 10%BS Red 
Berry Set BS Green 
Berry Set + 4 days BS+4 Blue 
For the 2015/2016 season, a total of 648 bunches were marked for individual evaluation in order to 
determine possible differences in the bunch structure as influenced by the different treatments. 
During bunch development, these marked bunches were left in their natural state. No bunch 
preparations through bunch shortening, removal of laterals or the removal of individual berries were 
applied to the marked bunches. Only the secondary bunches were removed if present. The aim was 
to evaluate the bunches in their natural state to determine if any differences in bunch structure and 
compactness observed were related to the treatments only. 
Table 3.6: Penological stages identified/subplot treatments applied on the two GA thinning application dates 




3.4.2 2016/2017 season 
The day before the GA thinning treatments was applied, four different phenological stages were 
identified. Within each experimental data unit, five inflorescences per phenological stage were 
marked using insulation tape. Different colours of insulation tape were placed around the peduncle 
of bunches to indicate the different phenological stages (Fig. 3.7). 
The four phenological stages identified were: 50% flowering (50%F), marked with white insulation 
tape around the peduncle; 80-100%F, marked with red insulation tape; 10%BS, marked with green 
insulation tape; and BS, marked with blue insulation tape (Table 3.7). Each experimental data unit 
had a total of 20 marked inflorescences.  
Table 3.7: Four phenological stages identified/ timing subplot treatments applied to the GA thinning application 
date for the second season (2016/2017) of the study. 
Application date 
Phenological stage/ 
Timing subplot treatment 
Code Colour marker 
3 November 2016 
50% Flowering 50%F White 
80-100% Flowering 80-100%F Red 
10% Berry set 10%BS Green 
Berry Set BS Blue 
For the 2016/2017 season, a total of 720 were marked for individual evaluation in order to determine 
possible differences in the bunch structure as influenced by the different treatments. During bunch 
development, these marked bunches were left to remain in their natural state, as described in 
Section 3.4.1. 
C B A 
Figure 3.7: Phenological stages of Sunred Seedless during thinning application. A) 80-100% flowering; B) 




3.5 STATISTICAL PROCEDURES 
The experimental design was a randomised block with nine treatments replicated in four blocks, 
according to a Latinised 3x3 (row x column) arrangement. Analysis of variance was performed 
according to the experimental design, using GLM (General Linear Models) procedure of SAS 
software (Version 9.4; SAS Institute Inc, Cary, USA). A split-plot analysis of variance with the 
phenological stage as the subplot factor was also performed (Little & Hills, 1972). In order to test for 
deviation from normality, the Shapiro-Wilk test was performed on the standardised residuals 
(Shapiro & Wilk, 1965). Fisher's least significant difference was calculated at the 5% level to compare 
means (Ott, 1998). A probability level of 5% was considered significant for all significance tests. 
3.6 PRE-HARVEST EVALUATION 
3.6.1 Berry sampling 
During the first season (2015/2016), berry samples were collected from 27 November 2015 to 26 
January 2016 at weekly intervals. To monitor berry development by determining berry mass and 
measuring berry length and diameter, a weekly sample of 50 berries per experimental data unit were 
sampled from 27 November to 15 December 2015. From véraison until harvest (23 December 2015 
to 26 January 2016), the weekly sample of 50 berries used for monitoring berry development 
continued and these samples were also used to monitor berry ripening by determining total soluble 
solids (TSS), titratable acidity (TA) and pH.  
Within each experimental data unit, an even number of berries was sampled from each of the two 
data vines. Sampling occurred on random bunches within each experimental data unit, excluding 
marked bunches. To ensure a representative berry sample, sampling took place by selecting berries 
at the top, middle and bottom of bunches. Each berry was removed from the bunch by inserting a 
cut through the pedicel with a clean scissor. Berry sampling was performed during the cooler 
temperatures of the mid-morning. After all the samples were collected on each sampling date, they 
were taken back to the laboratory for berry development and ripening measurements. 
Results from the first season delivered the expected berry development pattern for the cultivar. 
Furthermore, there were no significant differences between the treatments. Therefore, berry 
development and ripening were not monitored during the 2016/2017 season.  
3.6.2 Berry development and ripening  
To monitor berry development in weekly intervals, the length and diameter of the samples mentioned 




measured to determine the average berry mass (g). A digital scale was used to determine the sample 
mass (Precisa, Type. 280-9826, PAG Oerlikon AG, Zurich, Switzerland).  
To monitor berry ripening, the juice of each 50 berry sample was used to determine TSS, TS, and 
pH. The berries of each 50 berry sample were homogenized. A sieve was used to separate the juice 
from the homogenized grape sample and the clear juice was retained for further measurements. The 
TSS, expressed as degrees Brix (°Brix), was measured with a handheld digital refractometer (Atago 
PAL-1, Tokyo, Japan). The pH and TA (g/L) were measured by titrating 50mL of the clear juice with 
0.33% sodium hydroxide (NaOH) to an endpoint of pH 7 with an automated titrator (Metrohm 785 
DMP Titrino, Herisau, Switzerland). Calibration of the Metrohm at pH 7 and pH 4 took place before 
the samples were placed into the Metrohm.  
3.6.3 Bunch length 
In the first season (2015/2016), initial bunch length measurements of all marked bunches were taken 
in the vineyard four weeks after the thinning application. In the second season (2016/2017), this 
initial bunch length was measured the day before the thinning applications took place, on the same 
day that the bunches were marked. Bunch length was again measured at harvest in both seasons. 
Using a ruler, the bunch length was determined by measuring from the first lateral to the tip of the 
bunch (Fig. 3.8 A).  
3.7 HARVEST EVALUATION 
The experimental block forms part of a commercial Sunred Seedless block and therefore the grapes 
were harvested one day before the harvest of the commercial grapes destined for the export market 
to avoid the loss of experimental bunches. The harvest date for the commercial Sunred Seedless 
was determined when the TSS reached 17°B, or a minimum TSS of 16°B combined with a minimum 
sugar to acid ratio of 25:1 to comply to export standards (DAFF, 2016). The harvest date for the 
experimental bunches in both seasons was on 26 January.  
In both seasons the marked bunches were harvested, with harvest evaluations performed on these 
bunches. Harvest evaluations on bunch structure, as well as rudimentary seeds, were performed in 
line with a protocol developed and applied by the Viticulture Division at ARC Infruitec-Nietvoorbij.  
3.7.1 Bunch structure 
Bunch structure measurements took place by systematically working through each experimental 
data unit at a time. The bunch mass of each marked bunch was determined using a digital scale 
(Radwag, Type, WTC 30/C1, Zakład Mechaniki Precyzyjnej, Poland). The bunch length was 




Each bunch was visually assessed to determine the compactness of the bunch, based on a 5-point 
scale used by ARC Infruitec-Nietvoorbij. The 5-point compactness scale groups bunches into 
categories with values ranging from 1 (very compact) to 5 (very loose). The distinction between the 
compactness of the bunches is based on the degree of movement of the berries and the visibility of 
pedicels. With the scale, the value of 1 is described as a very compact bunch with no open spaces 
between berries, resulting in berries with a deformed shape. A value of 2 is described as a compact 
bunch with limited open spaces between berries and limited movement of the bunch. A value of 3 is 
described as the desired bunch compactness, with optimal open spaces between berries allowing 
for good movement of the bunch but with no pedicels visible. A value of 4 is described as a loose 
bunch, with more than desired open spaces between berries and with some visible pedicels. A value 
of 5 is described as a very loose bunch, with too many open spaces, too little berries and too many 
visible pedicels.  
The rachis diameter was determined 1 cm above the first lateral by using a digital caliper (Fig. 3.8 
B). Further measurements of the rachis included measuring the distance between the first and the 
fifth laterals. 
From each marked bunch, the first four laterals were removed and placed in a plastic bag, marked 
accordingly for the rest of the measurements to be taken at the laboratory. At the laboratory, each 
sample, consisting of the four laterals, was subjected to various measurements.  
All the berries were cut off from the four laterals and divided into three groups; normal berries, small 
berries and shot berries (Fig. 3.9). For Sunred Seedless, normal berries are classified as berries 
larger than 16 mm in diameter. Small berries are berries smaller than 16 mm in diameter and larger 
than 10 mm and lastly, shot berries are defined as berries smaller than 10 mm in diameter, which 
Figure 3.8: Bunch structure measurements at harvest. A) Bunch length measurements and B) Rachis 






are green and seedless. The number of berries in each group was counted and noted. The mass of 
the normal berries was determined. After that, these berries were placed back into the plastic bag to 
serve as sample material for determining berry length and diameter, TSS, pH and TA, separately for 
each colour code linked to a specific phenological stage (red, green, blue, white) within the data 
experimental unit, as described in Sections 3.6.1 and 3.6.2. 
The total lateral length for the four laterals was measured using a piece of string to follow the outline 
length of the four laterals and measuring the length of the rope against a steel ruler (Fig. 3.10). The 
number of normal berries, along with the total lateral length were used to calculate the number of 
berries per cm of rachis, which is used as a parameter to assess bunch compactness (Lynn & 
Jensen, 1966). 
 
3.7.2 Rudimentary seeds 
At harvest, a sample of ten berries per phenological stage (subplot factor) within each experimental 
data unit was randomly selected to evaluate the rudimentary seed occurrence and size as affected 
by GA treatment and application timing.  
Figure 3.9: Berries from the first four laterals divided into three size groups. A) Shot berries: smaller than 10 
mm; B) Small berries: smaller than 16 mm and larger than 10 mm; and C) Normal berries: larger than 16 mm. 
A B C
A 
Figure 3.10: The length of the four laterals was determined by using a string to follow the outline and 




The total mass of each 10 berry sample was measured to determine the average berry mass. The 
rudimentary seeds of each berry were removed and divided into classes according to seed width: 
small (< 1 mm); medium (1-2 mm); and large (> 2 mm) as can be seen in Figure 3.11. The different 
classes of rudimentary seeds per berry were counted and noted. The average number of rudimentary 
seeds per berry was determined, along with the distribution of seed size per berry. The wet mass of 
the rudimentary seeds of each 10 berry sample was determined using a digital scale (Ohaus, Type. 
AR2140, Ohaus Corporation, Pine Brook, USA) to determine the average rudimentary seed mass 
and average rudimentary seed mass per berry. 
3.8 CANE MASS 
During winter pruning the one-year-old canes of the two vines per data experimental unit were 
collected and weighed with a hanging scale to determine the cane mass as a parameter to assess 
vigour.  
3.9 BUD FERTILITY 
3.9.1 Potential fertility 
To determine the potential fertility of data vines from each treatment, two methods were used: (i) 
forced budding in a glasshouse and (ii) bud dissection. The pruning method used in the experimental 
block consisted of an average of six half long bearers (nine to ten buds per cane) and twelve spurs 
(two to three buds per spur) per vine. Therefore, dormant shoots with nine bud positions each were 
used for determining potential fertility. 
3.9.1.1 Plant material 
The dormant shoots used to determine the potential fertility were collected during winter pruning and 
labelled accordingly. In both seasons, four canes per experimental data unit were collected. Two of 
A B C 
Figure 3.11 (A-C): Examples of rudimentary seeds from three of the 10-berry samples, divided into three 
classes according to seed width; small (<1 mm); medium (1-2 mm); and large (>2 mm), denoted by “S”, “M” 




these canes were used for forced budding and the other two used for bud dissections. Therefore, for 
each treatment consisting of four replicates, a total of 16 canes were collected, eight of which were 
used for forced budding and eight for bud dissections. For the 2015/2016 season, canes were 
collected for treatments T1 to T5, whereas canes were collected for all treatments in the 2016/2017 
season. 
3.9.1.2 Forced budding in a glasshouse 
One the day of dormant shoot collection, the canes were cut into single-node cuttings with a clean 
pruning sheer and placed into water trays in a glasshouse at 25°C, as visible in Figure 3.12 (Palma 
& Jackson, 1989). For the 2015/2016 season, 360 single node cuttings were placed into water trays 
and for the 2016/2017 season, 648 single node cuttings. 
The bud break date of each single node cutting was recorded at the first signs of visible green plant 
tissue (Shulman et al., 1983; Palma & Jackson, 1989; Dunn & Martin, 2000). Twice a week, an 
observation of growth was recorded until the inflorescences were noticeable to be counted. After 
recording the number of inflorescences per single node cutting, the cuttings were removed. With 
each visit to the glasshouse, fresh tap water was added to the water trays to replace water lost due 
to evaporation. 
3.9.1.3 Bud dissections 
The dormant shoots collected were stored at 0°C until bud dissections could be performed. Two 
dormant shoots per experimental data unit containing nine bud positions were used for bud 
dissection analysis. Each of the nine bud positions per cane was dissected individually.  
Working under a stereomicroscope, bud dissection was performed following the procedure 
described by Swanepoel and Baard (1988). Srinivasan and Mullins (1981), as well as Swanepoel 
and Baard (1988), classified inflorescence primordia by the number of lobes present, defining 
Figure 3.12: A) Single node cuttings, with dormant buds, placed in a water tray for forced budding inside 





inflorescence primordia by three visible lobes present. The potential fertility was determined by 
counting and recording the number of inflorescence primordia per bud.  
3.9.2 Actual fertility 
The actual fertility was determined in the vineyard after bud break, once shoots with bunches were 
visible. Eight half-long bearers and eight spurs per experimental data unit were evaluated (four half-
long bearers & four spurs on each of the two data vines). The half-long bearers were evaluated from 
bud position one to nine. Each bud position was evaluated by identifying whether bud break took 
place, recording the type of shoot that originated from the bud position (vegetative or reproductive 
shoot) and counting and recording the number of bunches per shoot. The actual fertility was only 
determined after the first season's treatment, i.e. in October 2016.  
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The effect of GA3 and GA4+7 thinning treatments 
on berry development and ripening of Vitis 





CHAPTER 4:  
The effect of GA3 and GA4+7 on berry development and ripening 
of Vitis vinifera L. ‘Sunred Seedless’ 
ABSTRACT 
Experiments were performed over two seasons on Sunred Seedless vines, grafted onto Ramsey, 
located on the ARC Infruitec-Nietvoorbij experimental farm in De Doorns. A standard GA3 rate and 
various rates of GA4+7 was all applied at four different phenological stages to determine the effect on 
berry development and ripening. During the first season (2015/2016), weekly berry mass and berry 
length and diameter measurements occurred, along with TSS, pH and TA measurements after the 
onset of véraison. Berries from the different treatments followed the same trend of development and 
ripening throughout the growing season, indicating no plant growth regulator treatment effect on the 
berry development and ripening pattern. Due to no significant differences found for measurements 
taken throughout the first season, the berry measurements mentioned above were only taken at 
harvest for the second season (2016/2017). Treatments displayed a positive non-linear increase in 
berry mass in the absence of a lag phase, correlating with the findings of other authors where a 
gradual increase in berry volume is observed for seedless cultivars. The berries in this study were 
longer in length than in width, correlating with the natural oval berry shape of the cultivar Sunred 
Seedless. An increase in mean bunch mass at harvest was observed for both seasons from the 
earliest phenological stage up to the berry set stage, with a similar mean berry mass reported for 
these phenological stages. The earlier phenological stages had a better thinning effect based on the 
bunch and berry mass measurements of Sunred Seedless. 
4.1 INTRODUCTION 
The growth curve of the grape berry is defined by changes in berry mass, volume or diameter that 
follow a double-sigmoidal curve as a result of two rapid growth stages, separated by a lag stage 
(Harris et al., 1968; Coombe & McCarthy, 2000; Dokoozlian, 2000; Bennett, 2002; Sonnekus, 2015). 
A period of rapid berry growth defines Stage I, followed by a gradual decrease in berry growth, known 
as Stage II or the lag phase, where little to no growth occurs. The final stage, Stage III, is defined by 
a period of rapid berry growth and berry ripening (Harris et al., 1968; Coombe & Hale, 1973; Davies 
et al., 1997; Bennett, 2002), during which various physiological and biochemical changes occur 
within the berry (Paul et al., 2012). 
The factors contributing to the potential berry size include the number of cells across the pericarp, 





division, responsible for the number of cells within a berry, occurs up to the first three weeks after 
flowering (Dokoozlian, 2000). An increase in cell volume (berry growth) occurs mainly during the two 
rapid growth stages, Stage I and III mentioned above (Dokoozlian, 2000). An increase in the content 
of organic solutes, which mainly consist of sugars, occur during the berry ripening stage, Stage III 
(Dokoozlian, 2000).  
Endogenous factors, such as nutritional and hormonal balances, as well as exogenous factors, 
including climatic conditions and water availability, contribute to berry size (Ojeda et al., 2001; Ollat 
et al., 2002). An external application of gibberellic acid (GA3) can result in an increase in berry size 
of seedless berries, with the response for each cultivar highly dependent on the phenological stage 
at the time of treatment and the concentration applied (Dokoozlian & Peacock, 2001; Zoffoli et al., 
2009; Casanova et al., 2009).  
The aim of the study was to evaluate the effect of GA3 and GA4+7 treatments on berry size by 
quantifying berry development and ripening parameters throughout the growing season. By 
measuring berry length and diameter throughout the growing season, the impact of different GA3 
and GA4+7 treatments on berry size could be determined and quantified.  
4.2 MATERIALS AND METHODS 
Refer to Sections 3.3 and 3.4 for details on the experimental layout and treatments applied. 
4.2.1 Berry development and ripening 
Berry sampling at weekly intervals were performed to monitor berry development and ripening. The 
sampling date is expressed as the number of days after full bloom (DAFB), with the first sample 
taken at 29 DAFB and the last sample at harvest, 89 DAFB. Refer to section 3.1.2 in Chapter 3, 
Table 3.1, for a timeline of the phenological stages for the 2015/2016 season. A weekly 50-berry 
sample per data experimental unit were sampled to determine berry development by measuring 
berry mass, berry length and berry diameter. An additional 30 berries were sampled from véraison 
until harvest (52 DAFB to 89 DAFB) to monitor berry ripening by determining total soluble solids 
(TSS), titratable acidity (TA) and pH. Refer to sections 3.6.1 and 3.6.2 in Chapter 3, for details on 
berry sampling, as well as berry development and ripening measurements. The expected berry 
development and ripening pattern for the cultivar was found with the results of the first season and 
due to no significant differences between the treatments, weekly berry sampling was not repeated 





4.3 RESULTS AND DISCUSSION 
4.3.1 Berry development and ripening 
The progression of berry development and ripening for the 2015/2016 season is presented in Figures 
4.1 to 4.5. None of the treatments had a significant effect on the parameters measured from 29 days 
after full bloom (DAFB) until harvest. Berry development and ripening data for the 2015/2016 season 
delivered the expected pattern for the cultivar. There were no significant differences in berry 
development and ripening for the 2015/2016 season, indicating that there was no plant growth 
regulator treatment effect on the berry development and ripening pattern.  
4.3.1.1 Berry diameter and length  
The development in berry diameter and length, from 29 DAFB until harvest, is given in Figures 4.1 
and 4.2. Treatments followed a similar trend for change in berry diameter and length, with a weekly 
positive non-linear increase. The expected pattern for the treatments was met, with the untreated 
control positioned towards the lower end of the berry diameter and berry length spectrum.  
Sunred Seedless is considered to have a large natural berry size when compared to other seedless 
cultivars, with an average berry mass of ~ 6 g per berry (SATI, 2016). To comply with export 
standards, a minimum berry diameter of 16 mm classified as a regular size is required for this 
particular cultivar (DAFF, 2018). Other category norms stipulated for Sunred Seedless includes 18 
mm classified as large berries, 20 mm as extra-large and 22 mm as extra-extra-large. At harvest, all 
treatments had berry diameters ranging between 18 and 20 mm and were therefore classified as 
large berries according to the given export standards.  
Berries of the untreated control, as well as treated berries were longer in length that in width (Figs. 
4.1 & 4.2). The berries of Sunred Seedless have a natural oval shape and the expected berry shape 
for the cultivar was observed in this study (SATI, 2016). Ahmed Ola et al. (2012) reported that GA3 
increased the length of berries in contrast to forchlorfenuron (CPPU) which increased the diameter 
of berries. Other authors have reported similar findings (Lynn & Jensen, 1996; Casanova et al., 2009; 
Zoffoli et al., 2009; Kaplan, 2011; Ahmed Ola et al., 2012; Abu-Zahra, 2013). The same occurrence 
of GA increasing berry length compared to the untreated control could not be found in this study.  
Berry diameter and length harvest data for the 2015/2016 and 2016/2017 seasons are presented in 





4.3.1.2 Berry mass 
The changes in berry mass, from 29 DAFB until 82 DAFB, is given in Figure 4.3. The treatments 
displayed a positive non-linear increase in berry mass, rather than a double sigmoidal growth curve 
Figure 4.1: Change in berry diameter of Sunred Seedless over time, from 29 DAFB 89 DAFB (De Doorns 
Experimental Farm, 2015/2016 season). 
Figure 4.2: Change in berry length of Sunred Seedless over time, from 29 DAFB 89 DAFB (De Doorns 
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as expected for the  development in berry mass (Coombe & Hale, 1973; Downton & Loveys, 1978; 
Matthews et al., 1987). The formation of a double-sigmoidal curve is highly dependent on factors 
such as cultivar (seeded or seedless), cultivation practices and environmental conditions (Coombe 
& Hale, 1973; Keller, 2015). No lag phase was observed for the increase in berry mass over time. A 
similar trend was reported in other studies (Coombe, 1980; Raath, 2012; Sonnekus, 2015; Van der 
Vyver, 2016). The duration of each growth phase in the development of berry mass is influenced by 
the seed number per berry, therefore clearly distinguished phases are rarely observed with seedless 
cultivars, where a more gradual increase in berry volume is observed (Nitsch et al., 1960; Iwahori et 
al., 1968; Keller, 2015). The absence of a lag phase during berry development was ascribed by 
Coombe (1980) to the absence of competition between bunches, with only the primary bunch present 
and the secondary bunch removed. As part of standard table grape cultivation practices 
recommended by SATI (2016), a crop thinning action prior to flowering was applied to ensure that 
only one bunch per shoot remains on the vine, as well as to reduce the crop load to 28 bunches per 
vine. 
Although no significant differences were found between treatments, the control treatment had the 
lowest berry mass (Fig. 4.3). The trend towards higher berry mass of treatments where GA was 
applied, compared to the untreated control can be explained by the increased translocation of 
assimilates into the berry due to a hormonal response followed by the GA application (Weaver et al., 
1968; Casanova et al., 2009; Keller, 2015). 
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4.3.1.3 Total soluble solids 
The change in total soluble solids (TSS), from 55 DAFB until harvest, is given in Figure 4.4. All 
treatments followed a similar trend, with no significant differences between treatments. The change 
in TSS began to reach a plateau after 82 DAFB for all the treatments.  
An exponential increase in TSS was visible from 55 DAFB (3 days after the onset of véraison) to 68 
DAFB (Fig. 4.4). This correlates with results found in other studies where a rapid increase in TSS 
accumulation was observed around the onset of véraison, indicating the start of berry ripening 
(Coombe, 1992; Tattersall et al., 1997; Dokoozlian, 2000; Robinson & Davies, 2000; Wada et al., 
2008; Sonnekus, 2015). 
A minimum TSS of 17°B or a minimum TSS of 16°B combined with a sugar to acid ratio of 25:1 is 
required for Sunred Seedless to comply with export standards (DAAF, 2016). The TSS values for 
the 2015/2016 season ranged from 15.03 °B to 15.90 °B (Fig. 4.4), and in the 2016/2017 season 
ranged from 13.50 °B to 16.65 °B (Addendum A, Table A.3). As the experimental site formed part of 
a commercial vineyard, grapes were harvested one day prior to the commercial harvest, therefore 
the TSS was generally lower than 17°B).  
The objective of the experiment was to determine the effect of GA on bunch structure and ripening 
parameters were also evaluated to assess treatment effects. Therefore, a suboptimal TSS at harvest 
was acceptable within the experiment. The TSS of the 2016/2017 season indicated no significant 
differences between treatments (Addendum A, Table A.3). 
Figure 4.4: Change in berry total soluble solids (TSS) of Sunred Seedless over time (véraison to harvest) 
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4.3.1.4 Titratable acidity 
The change in titratable acidity (TA) over time, from 55 DAFB until harvest, is given in Figure 4.5. 
The TA decreased exponentially from 55 DAFB to 68 DAFB, with smaller changes in the rate of TA 
degradation thereafter. Similar results were reported for other studies (Harris et al., 1968; Hrazdina 
et al., 1984; Matthews & Anderson, 1988; Liu et al., 2006; Sonnekus, 2015; Van der Vyver, 2016). 
The application of GA did not affect TA of Sunred Seedless as all treatments, including the control, 
followed a similar trend in the decrease in TA up to harvest with no significant differences between 
treatments (Fig. 4.5). In contrast, Reynolds and de Savigny (2004) reported that GA3 applied to the 
cultivar Sovereign Coronation decreased the TA.  
All treatments followed a similar trend for the 2015/2016 season, resulting in values from 6.04 g/L to 
6.59 g/L at harvest (Fig. 4.5). The TA ranged from 5.79 g/L to 8.36 g/L at harvest in the 2016/2017 
season (Addendum A, Table A.3). 
4.3.2 Bunch and berry mass at harvest 
Bunch and berry mass results for both the 2015/2016 and 2016/2017 seasons are presented in 
Tables A.4 and A.5 of Addendum A. Bunches of all treatments in both seasons reached a higher 
mass than the minimum of 150 g required per bunch for export of extra class berries (DAFF, 2018). 
From the earliest bunch phenological stage at application onwards until BS, an increase in mean 
bunch mass was observed for both seasons. Similarly, there was an increase in bunch mass where 
GA3 was applied after flowering (Pérez & Gómez, 2000; Reynolds & de Savigny, 2004). An increase 
Figure 4.5: Change in berry titratable acidity (TA) of Sunred Seedless over time (véraison to harvest) (De 
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in bunch and berry mass is expected as the GA application timing progresses, and earlier GA 
applications during flowering are associated with a thinning application whereas applications around 
berry set are used to promote berry size (Singh et al., 1978; Zabadal & Dittmer, 2000; Casanova et 
al., 2009). 
An increase in the concentration of GA4+7 used did not follow the same trend as found in cases of 
GA3 mentioned above. Studies have reported an increase in bunch and berry mass as the 
concentration of GA3 used, increased (Reynolds & de Savigny, 2004; Reynolds et al., 2006). 
Coombe (1972) found GA4+7 to be less active in Sultana compared to GA3 when comparing the effect 
on the increase in berry size.  
4.3.2.1 2015/2016 season 
The earlier application of 5 ppm GA3 (10%BS) resulted in a significantly higher average bunch mass 
compared to the late application of 5 ppm GA3 (BS), applied at the bunch phenological stage of BS 
(Table A.4 in Addendum A). This was probably due to the higher average berry mass measured for 
the 5 ppm GA3 (BS) treatment (Table A.4 in Addendum A). Similarly, a post-bloom application of 
GA3 on Sultana has been found to promote cell enlargement, promoting an increased berry size 
(Pérez & Gómez, 2000). An increase in the time available for the translocation of nutrients could be 
a possible explanation for higher bunch and berry mass reported for the earlier 5 ppm GA3 treatment 
compared to the late 5 ppm GA3 treatment. The application of GA3 during flowering (an earlier 
application) creates an increased sink for nutrients by promoting the translocation of nutrients, such 
as K, towards the flowers, resulting in larger berries (Zhenming et al., 2008; Casanova et al., 2009). 
A significantly lower average bunch mass, correlating with a lower normal berry mass, was found 
with the late application of 7.5 ppm GA4+7 (BS) during the bunch phenological stage of 10%BS. The 
earlier application of 7.5 ppm GA4+7 (10%BS) had the highest berry mass, and this was significantly 
higher compared to the late application of 7.5 ppm GA4+7 (BS), both applied at the bunch 
phenological stage of 10%BS.  
Comparing these equal active ingredient rates applied at different timings for the 7.5 ppm GA4+7 
treatments applied at 10%BS and the 5 ppm GA3 treatments applied at BS, the earlier applications 
had significantly higher berry mass (Table A.4 in Addendum A). This was contrary to the expected 
result that a late application of GA would increase berry size and therefore berry mass, as reported 
by Coombe and Hale (1973) and Van der Vyver (2016).  
The results indicate that the earlier application date for treatments mentioned above, had a better 
thinning effect as well as a longer available period for cell division to take place. The more 
pronounced thinning obtained ensures more spatial area for the naturally larger berries of Sunred 





and released into the pericarp during Stage I of berry growth where they reach high concentrations 
early before decreasing (Iwahori et al., 1968; Scienza et al., 1978; Pérez et al., 2000; Keller, 2015). 
Exogenous applications of GA therefore supplements the natural available GA and contribute to 
promoting cell division and enlargement.  
A significantly lower mean bunch mass was reported for the bunch phenological stage of 80-100%F 
scompared to the BS stage, with both stages reporting the same mean berry mass. This indicates 
that the treatments applied at the earlier stage of flowering resulted in a better thinning effect 
compared to the berry set stage, which had more compact bunches.  
4.3.2.2 2016/2017 season 
The 60 ppm GA4+7 (S) treatment, applied at the bunch phenological stage of 50%F, resulted in a 
significantly higher average bunch mass compared to the 5 ppm GA3 (T) treatment (Table A.5 in 
Addendum A). The higher bunch mass, for the 60 ppm GA4+7 (S), treatment along with a berry mass 
that tended to be lower, indicates a more compact bunch structure with more berries per bunch.  
Bunch mass of the untreated control was significantly lower compared to the 15 ppm GA4+7 (T) and 
120 ppm GA4+7 (T) treatments, applied at BS (Table A.5 in Addendum A). Applying a GA treatment 
at BS could have promoted berry sizing rather than berry thinning, which is unlikely in this case with 
no significant differences recorded for berry mass at BS. The significantly higher average bunch 
mass obtained with 15 ppm GA4+7 (T), applied at BS, can be ascribed to the significantly high number 
of normal berries per cm of lateral length (Refer to Figure 5.7 in Chapter 5). 
The treatment of 7.5 ppm GA4+7 (T) applied at 50%F and at 10%BS resulted in a significantly higher 
average berry mass compared to the 60 ppm GA4+7 (S) and 60 ppm GA4+7 (T+S) treatments, 
respectively. The expected results would have been that the 60 ppm GA4+7 (T+S) treatment, that 
received a thinning as well as a sizing application, would have resulted in berries with the highest 
average berry mass.  
A significant increase in the mean bunch mass is reported from 50%F to BS, with no significant 
differences reported for the mean berry mass between the different phenological stages. This 






With the weekly evaluation of berry ripening parameters during the first season, the expected berry 
development and ripening pattern was found for Sunred Seedless growing under the prevailing 
conditions. Due to the lack of statistical differences between treatments, the evaluation of berry 
ripening parameters were not repeated in the second season. Treatments displayed a positive non-
linear increase in berry mass in the absence of a lag phase, which have been ascribed to the 
absence of competition between bunches, with only the primary bunch present and the secondary 
bunch removed.  
Berries were longer in length that in width, correlating with the natural oval berry shape of the cultivar 
Sunred Seedless. This indicated that the GA treatments did not change the natural shape of the 
berry. 
Three days after the onset of véraison, there was an exponential increase in TSS and a decrease in 
TA for a period of 13 days. Treatments started reaching a plateau in the TSS seven days prior to 
harvest.  
Bunch mass of all treatments exceeded the minimum of 150 g per bunch required for export. There 
was an increase in mean bunch mass for both seasons from the earliest bunch phenological stage 
up to BS. The mean bunch mass was lower at harvest when treatments were applied at the flowering, 
compared to treatments applied post-flowering, with a similar mean berry mass reported between 
stages. Therefore, the earlier phenological stages of flowering had a better thinning effect based on 
the bunch and berry mass measurements of Sunred Seedless.  
Considering the applications at BS for the 2015/2016 season, the early application of 5 ppm GA3 
increased bunch mass substantially compared to late application. This was due to bigger berries. 
However, no consistent trend with regards to a specific treatment application timing and rate used 
could be observed for the bunch and berry mass measurements over two seasons. 
It is recommended that other PGRs such as ABA and ethylene should be evaluated, on their own 
and in combination with GA, as thinning agents for Sunred Seedless in order to determine their effect 
on ripening parameters as well as bunch and berry mass, as discussed in this chapter. A 
multidisciplinary approach is recommended for further research, where parallel to the field trial 
evaluations of PGRs, genomic studies are also included to identify and quantify GA signalling 
components and availability of bioactive GAs, to contribute to understanding differences in response 
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The effect of GA3 and GA4+7 thinning treatments on bunch 
structure, compactness and berry size distribution of Vitis 
vinifera L. ‘Sunred Seedless’ 
ABSTRACT  
Experiments were performed over two growing seasons on Sunred Seedless vines, grafted onto 
Ramsey, located on the ARC Infruitec-Nietvoorbij experimental farm in De Doorns. A standard GA3 
rate and various rates of GA4+7 were applied at four different bunch phenological stages in order to 
determine the optimal rate and timing to reduce bunch compactness and improve bunch structure. 
Bunch compactness was evaluated through a subjective visual assessment, by awarding a bunch 
compactness score to evaluated bunches, as well as an objective assessment method. The latter 
entailed the determination of the number of normal, small and shot berries per cm of lateral length. 
Berry size classification (%) was determined from the number of berries per cm of lateral length. 
Additional parameters such as bunch length, rachis diameter, and lateral length were evaluated to 
determine the effect of GA treatments on bunch structure. A sensitivity towards early GA applications 
was observed for Sunred Seedless, through increased rachis diameter and increased shot berry 
occurrence with GA applications applied during flowering. An increased shot berry occurrence was 
also observed with the use of higher GA4+7 rates. The study resulted in more reoccurring trends 
relating to the bunch phenological stage at the time of application rather than a specific GA treatment. 
These results confirm that the timing of a GA application plays a fundamental role in the treatment 
outcome for a specific cultivar. 
5.1 INTRODUCTION 
Rachis length, number of berries, as well as the size of the berries, are all factors that contribute to 
the compactness of a bunch (Tello & Ibáñez, 2018). Flower number per inflorescence, as well as 
fruit set success rate, determines the number of berries per bunch (Carmona et al., 2008), whereas 
Stage I and Stage III of berry development mainly determine berry size (Coombe & McCarthy, 2000; 
Robinson & Davies, 2000). 
Bunch structure and compactness plays a fundamental role in grape quality, as berries of compact 
bunches are often smaller in size and deformed due to less spatial area to develop into. These 
berries are also prone to an uneven ripening period and are more susceptible to bunch rot diseases 





Bunch structure alterations with the use of manual as well as chemical practices to deliver the desired 
bunch quality, have become a common practice among producers (Roper & Williams, 1989). 
Chaturvedi and Khanduja (1979) evaluated bunch compactness on a scale of 1 to 20, based on the 
looseness of the bunch. Hanni et al. (2012) evaluated bunch compactness with a different approach 
by awarding a percentage to the matter of movement allowed by each bunch. Chaturvedi and 
Khanduja (1979), and Dokoozlian and Peacock (2001) evaluated the number of berries per cm of 
lateral length. Pérez and Gómez (2000), Casanova et al. (2009) and Zoffoli et al. (2009) studied 
pedicel diameter, with Casanova et al. (2009) including pedicel length and Zoffoli et al. (2009) 
including rachis thickness in their study. The increase in bunch length as leaves unfolded until the 
end of flowering was documented by Molitor et al. (2012a).  
Taking the many different approaches to quantify or evaluate bunch compactness into consideration, 
the study aimed to evaluate and quantify the impact of different GA3 and GA4+7 treatments on bunch 
structure, compactness and berry size distribution of Sunred Seedless. Detailed bunch structure 
measurements were quantified rather than using the more subjective measurements previously 
performed by other researchers. 
5.2 MATERIALS AND METHODS 
Refer to Sections 3.3 and 3.4 in Chapter 3, for details on the experimental layout and treatments 
applied. 
5.2.1 Bunch length 
Pre-harvest bunch length measurements were taken four weeks after the thinning applications in the 
2015/2016 season and a day before the thinning applications in the 2016/2017 season. Pre-harvest 
and post-harvest bunch length was determined by measuring from the first lateral to the bunch tip 
using a ruler. More details are given in Sections 3.6.3 and 3.7.1 in Chapter 3.  
5.2.2 Rachis measurements 
An increased rachis diameter can be observed as a reaction to GA3, due to the cell division properties 
of GA3 (Raban et al., 2013). The measurement of rachis diameter was done to determine whether 
the same phenomenon is observed in the cultivar Sunred Seedless as a reaction to GA3, as well as 
GA4+7. The rachis diameter was determined by using a digital calliper placed 1 cm above the first 
lateral (Nakamura et al., 1974). Further measurements of the rachis included measuring the distance 
between the first and fifth laterals, taken from the start of the first lateral to the start of the fifth lateral. 





stage promoted rachis elongation. The total length of the first four laterals was also determined and 
is discussed in further detail in Section 5.2.3 below.  
5.2.3 Bunch compactness and berry size distribution 
Measurements at harvest were performed to determine the efficacy of the GA3 and GA4+7 treatments 
in reducing bunch compactness and improving bunch structure. Bunch compactness was assessed 
using two methods, namely a subjective visual assessment, as well as objective measurements, to 
determine the number of berries per cm of lateral length.  
A visual assessment of bunch compactness was performed, based on a 5-point scale used by ARC 
Infruitec-Nietvoorbij. The 5-point compactness scale assigns bunches with values ranging from 1 
(very compact) to 5 (very loose), with 3 described as the ideal bunch compactness. The distinction 
between the compactness of the bunches is based on the degree of movement of the berries and 
the visibility of pedicels.  
Berries from the first four laterals of each bunch were removed and categorised into three groups 
according to their diameter (normal berries >16 mm; small berries 16-10 mm; shot berries <10 mm). 
The total lateral length for the four laterals was measured. The number of berries per group (normal, 
small and shot berries), along with the total lateral length was used to calculate the number of berries 
per cm of rachis, which is used as an objective parameter to assess bunch compactness (Lynn & 
Jensen, 1966). The mass of the normal berries was determined. The number of berries per cm of 
lateral length was used to determine the berry size classification, expressed as a percentage normal, 
small and shot berries. More details regarding bunch structure measurements are given in Section 
3.7.1 in Chapter 3. 
5.3 RESULTS AND DISCUSSION 
Bunch structure data for the 2015/2016 season is presented in Table 5.1 and results for the 
2016/2017 season in Table 5.2. The bunch length results affected by application timing of both 
seasons are given in Tables A.6 to A.7 of Addendum A.  
5.3.1 2015/2016 season 
5.3.1.1 Bunch length 
Measurements performed four weeks after treatment application indicated that the earlier 





pre-harvest bunch length compared to the late (BS), 30 ppm GA4+7 treatment applied at the bunch 
phenological stage of 10%BS (Table A.6, Addendum A). 
At harvest, the earlier applications (10%BS) of 7.5 ppm GA4+7 and 30 ppm GA4+7, applied at 10%BS, 
had a significantly higher bunch length compared to the late application (BS) of 5 ppm GA3 and 7.5 
ppm GA4+7 (Table A.6, Addendum A). The earlier applications, applied at the predominant vineyard 
phenological stage of 10%BS, also applied at the bunch phenological stage of 10%BS, resulted in 
increased bunch lengths compared to the late applications (BS).  
Thinning applications applied at the bunch phenological stage of BS resulted in a significantly higher 
bunch length with the earlier 5 ppm GA3 (10%BS) treatment compared to the untreated control (Table 
A.6, Addendum A). Bunch length plays a vital role in the structure of a bunch, because an increased 
bunch length can contribute to obtaining a less compact bunch structure (Korkutal et al., 2008; 
Molitor et al., 2012a).  
Pre-harvest bunch length data for treatments applied at 80-100%F and BS indicated no significant 
differences between treatments (Table A.6, Addendum A). Bunch length between treatments at 
harvest did not differ significantly between thinning applications applied at 80-100%F and BS+4D.  
5.3.1.2 Rachis diameter 
The earlier 5 ppm GA3 (10%BS) treatment, applied at BS, significantly increased rachis diameter 
especially compared to the late application of 5 ppm GA3 (BS) (Table 5.1). Comparing equal active 
ingredient concentrations used, with a difference of four days between the two treatments, earlier 
application thereof showed a higher response towards the GA3 application. The increased response 
with the earlier application could be ascribed to increased time available for cell division to take 
place. These results correspond with the findings of other authors (Raban et al., 2013; Van der 
Vyver, 2016), where an increase in the rachis diameter was observed when GA was applied at 
10%BS, and authors who reported an increase in rachis diameter with the use of GA3 (Nakamura & 
Hori, 1984). The same increased response of the earlier, compared to the late GA3 treatment, can 
be seen in Table A.4 of Addendum A, where the earlier treatment had a significantly higher berry 
mass.  
An increase in rachis diameter can be observed from 80-100%F to BS+4D when comparing the 
mean rachis diameter per phenological stage (Table 5.1). The BS and BS+4D stages had 
significantly higher rachis diameters compared to 80-100%F and 10%BS stages. The 80-100%F 
stage resulted in the lowest rachis diameter compared to the rest of the stages. These results are 
similar to the findings of Nakamura et al. (1974) who reported an increase in rachis diameter with 





increased rachis diameter was ascribed to an increased lignin content as a result of increased 
phenylalanine ammonia-lyase activity in the rachis of Kyoho grapes. 
The rachis diameter for the late application of 15 ppm GA4+7 (BS), applied at the bunch phenological 
stage of 10%BS, had a significantly increased rachis diameter (Table 5.1). Thinning applications 
applied at 80-100%F and BS+4D had no significant difference between treatments in rachis 
diameter. 
5.3.1.3 Distance from lateral 1 to 5 
The earlier 5 ppm GA3 (10%BS) treatment had a significantly decreased distance from lateral 1 to 5 
compared to 30 ppm GA4+7 (10%BS) applied at 10%BS (Table 5.1).  The earlier 5 ppm GA3 (10%BS) 
treatment also had a significantly decreased distance from lateral 1 to 5 compared to treatments 7.5 
ppm GA4+7 (10%BS), 15 ppm GA4+7 (10%BS), 5 ppm GA3 (BS), 15 ppm GA4+7 (BS) and the untreated 
control applied at BS (Table 5.1). Several authors have reported an elongation of the rachis with the 
use of a GA3 prior to flowering (Weaver & McCune, 1962; Miele et al., 1978; Molitor et al., 2012a), 
therefore the application of GA3 at 10%BS and BS in the current study was probably too late to have 
an effect on rachis elongation. Thinning applications applied at 80-100%FB had no significant 
difference between treatments (Table 5.1). 
5.3.1.4 Total length of laterals 1 to 4 
For the 2015/2016 season, the total length of laterals 1 to 4 was not significantly affected by the 






Table 5.1: Rachis diameter, lateral distance and total lateral length of marked Sunred Seedless bunches at harvest (2015/2016 season). 
Values designated by the same letters within a column or row do not differ significantly (p ≤ 0.05). 
T1 Untreated control 4.28 a 4.43 abc 4.87 ab 43.29 a 46.88 ab 46.92 a 227.89 a 253.63 a 209.48 a
T2 5 ppm GA3 (10%BS) 4.06 a 4.15 bc 5.48 a 41.38 a 42.25 b 36.72 b 221.75 a 244.97 a 220.44 a
T3 7.5 ppm GA4+7 (10%BS) 3.95 a 4.63 ab 4.44 cb 45.86 a 45.31 ab 46.00 a 227.85 a 227.96 a 233.96 a
T4 15 ppm GA4+7 (10%BS) 4.01 a 4.32 abc 4.53 cb 41.45 a 46.68 ab 48.17 a 234.35 a 235.16 a 242.39 a
T5 30 ppm GA4+7 (10%BS) 3.93 a 4.28 bc 4.84 ab 43.25 a 47.88 a 44.58 ab 231.08 a 237.52 a 231.78 a
T6 5 ppm GA3 (BS) 4.18 bc 3.94 c 4.94 a 45.78 ab 49.59 a 49.56 ab 223.82 a 227.09 a 225.15 a
T7 7.5 ppm GA4+7 (BS) 3.85 c 4.56 cb 4.48 a 45.42 ab 44.04 ab 41.58 c 238.25 a 229.17 a 212.31 a
T8 15 ppm GA4+7 (BS) 4.89 a 4.78 ab 4.98 a 47.08 ab 49.08 a 52.83 a 227.17 a 228.88 a 252.33 a
T9 30 ppm GA4+7 (BS) 4.36 abc 4.71 abc 4.38 a 44.17 ab 43.00 ab 45.05 bc 234.42 a 237.53 a 253.75 a
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5.3.1.5 Bunch compactness 
i. Bunch compactness score 
The untreated control had a significantly lower compactness score (CS) value (more compact), 
compared to the late 7.5 ppm GA4+7 (BS) and 30 ppm GA4+7 (BS) treatments, applied at 10%BS, as 
well as the late 5 ppm GA3 (BS) and 7.5 ppm GA4+7 (BS) treatments, applied at BS (Table 5.2). 
A value of 3 is awarded to bunches with the desired bunch compactness that requires little to no 
hand thinning in the packhouse before being packed for the export market. During the first season 
of the study, bunches of all the treatments had a bunch CS lower than 3 (Table 5.2). The earlier 
bunch phenological stages at the time of the thinning application, namely 80-100%F and 10%BS, 
had significantly higher mean CS values (less compact) compared to BS and BS+4D. The 80-100%F 
stage resulted in bunches with a mean CS of 2.2 which was significantly higher compared to the rest 
of the phenological stages and the closest to the desired bunch CS of 3. These results indicate that 
GA treatments applied at the earliest phenological stage of this experiment (80-100%F) resulted in 
less compact bunches. Similar results were reported by other authors where the use of GA3 
applications during flowering (Lynn & Jensen, 1966; Weaver & Pool, 1971; Dokoozlian & Peacock, 
2001) and at full-flowering (Christodoulou et al., 1966; Lynn & Jensen, 1966; Miele et al., 1978; 
Dokoozlian & Peacock, 2001) was shown to be effective in reducing the fruit set rate, resulting in 
less berries per bunch and therefore less compact bunches.   
ii. Total number of berries per cm of lateral length 
The late 5 ppm GA3 (BS) treatment, applied at 10%BS, had a significantly lower number of berries 
per cm of lateral resulting in less compact bunches (Table 5.2). No significant differences were found 
for treatments applied at 80-100%F, BS and BS+4D.  
The 80-100%F as well as 10%BS stage had a significantly lower mean total number of berries per 
cm of lateral, compared to the BS and BS+4D stages (Table 5.2). These results correlate with 
increased bunch CS (less compact) also found for 80-100%F and 10%BS compared to BS and 
BS+4D. The GA treatments applied at the earlier phenological stages resulted in less compact 
bunches, with less berries per cm of lateral length compared to GA treatments applied onwards from 
berry set. Increasing the rate of GA4+7 treatments did not reduce the number of berries per bunch 
(Table 5.2). In contrast, an increase in GA3 reduced the number of berries per bunch (Weaver, 1958; 






Table 5.2: Bunch compactness score and berries per cm of lateral length of marked Sunred Seedless bunches at harvest (2015/2016 season). 
 
Values designated by the same letters within a column or row do not differ significantly (p ≤ 0.05). 
T1 Untreated control 1.82 a 1.38 d 1.04 b 3.54 a 3.52 ab 4.18 a
T2 5 ppm GA3 (10%BS) 2.46 a 1.71 bcd 1.22 ab 3.49 a 4.25 a 4.43 a
T3 7.5 ppm GA4+7 (10%BS) 2.14 a 1.71 bcd 1.33 ab 4.24 a 4.37 a 5.02 a
T4 15 ppm GA4+7 (10%BS) 2.45 a 1.64 cd 1.28 ab 3.64 a 4.37 a 4.43 a
T5 30 ppm GA4+7 (10%BS) 2.15 a 1.50 cd 1.42 ab 3.64 a 4.46 a 5.10 a
T6 5 ppm GA3 (BS) 2.28 abc 1.75 a 1.41 a 2.98 b 3.97 a 3.80 a
T7 7.5 ppm GA4+7 (BS) 2.46 ab 1.67 a 1.66 a 3.77 ab 4.28 a 4.57 a
T8 15 ppm GA4+7 (BS) 1.67 bcd 1.43 ab 1.17 a 4.15 a 5.10 a 4.71 a
T9 30 ppm GA4+7 (BS) 2.58 a 1.57 ab 1.45 a 4.15 a 4.49 a 4.37 a
2.20 x 1.88 y 1.41 z 1.42 z 3.71 y 4.00 y 4.55 x 4.36 x
.















































5.3.1.6 Berry size distribution 
i. Normal berries per cm of lateral length 
The number of normal berries per cm of lateral length, for the late 5 ppm GA3 (BS) treatment, applied 
at 10%BS, had a significantly lower number of normal berries compared to the untreated control, 5 
ppm GA3 (10%BS), 15 ppm GA4+7 (10%BS), 30 ppm GA4+7 (10%BS) and 15 ppm GA4+7 (BS) 
treatments (Table 5.2). This correlated with the significantly lower total berries per cm of lateral 
(Tables 5.2 & 5.3). The earlier 30 ppm GA4+7 (10%BS) treatment had a significantly higher number 
of normal berries compared to the late 5 ppm GA3 (BS) and 7.5 ppm GA4+7 (BS) treatments. For 
thinning treatments applied at BS, the untreated control had a significantly higher number of normal 
berries compared to the earlier 15 ppm GA4+7 (10%BS) treatment (Table 5.3).  
GA treatments applied at the earlier phenological stages (80-100%F & 10%BS) resulted in a 
significantly lower mean number of normal berries per cm of lateral length compared to GA 
treatments applied onwards from berry set (Table 5.3). These results correlate with the significantly 
lower mean total berries per cm of later found with the earlier phenological stages (80-100%F & 
10%BS). 
ii. Small berries per cm of lateral length 
An undesired high number of small berries per cm of lateral length can result in an increased amount 
of labour required to prepare bunches according to export standards, as even berry size throughout 
the bunch is an important contributing factor to bunch quality. The number of small berries per cm of 
lateral length for the earlier 5 ppm GA3 (10%BS) treatment, applied at BS, was significantly lower 
than for the earlier 7.5 ppm GA4+7 (10%BS) treatment (Table 5.3). No significant differences reported 
for treatments applied at 80-100%F, 10%BS and BS+4D. 
iii. Shot berries per cm of lateral length 
Shot berries per cm of lateral length, ranging from 0.04 to 0.34, were recorded for the 2015/2016 
season (Table 5.3). The untreated control had a significantly lower number of shot berries per cm of 
lateral length recorded at all bunch phenological stages. The earlier 5 ppm GA3 (10%BS) treatment 
also had a significantly lower number of shot berries per cm of lateral for treatments applied at 80-
100%F, 10%BS and BS. The number of shot berries for the earlier 7.5 ppm GA4+7 (10%BS) 






Table 5.3: Berry size distribution per cm of lateral length of marked Sunred Seedless bunches at harvest (2015/2016 season). 
 
Values designated by the same letters within a column or row do not differ significantly (p ≤ 0.05). 
T1 Untreated control 3.68 a 3.78 ab 4.34 a 0.52 a 0.45 a 0.53 ab 0.10 b 0.04 c 0.10 c
T2 5 ppm GA3 (10%BS) 2.98 a 3.74 ab 3.99 ab 0.42 a 0.41 a 0.35 b 0.09 b 0.11 bc 0.10 c
T3 7.5 ppm GA4+7 (10%BS) 3.32 a 3.42 abc 4.05 ab 0.68 a 0.70 a 0.77 a 0.24 a 0.26 a 0.19 abc
T4 15 ppm GA4+7 (10%BS) 2.93 a 3.78 ab 3.39 b 0.70 a 0.41 a 0.70 ab 0.21 ab 0.18 ab 0.34 a
T5 30 ppm GA4+7 (10%BS) 3.32 a 3.91 a 4.24 ab 0.45 a 0.41 a 0.61 ab 0.14 ab 0.14 abc 0.25 ab
T6 5 ppm GA3 (BS) 2.88 c 4.06 ab 4.37 a 0.61 a 0.53 ab 0.36 a 0.08 bc 0.16 bc 0.07 a
T7 7.5 ppm GA4+7 (BS) 3.03 bc 3.65 ab 3.58 a 0.56 a 0.43 ab 0.78 a 0.18 ab 0.20 abc 0.21 a
T8 15 ppm GA4+7 (BS) 3.66 ab 4.26 ab 4.21 a 0.38 a 0.67 ab 0.36 a 0.11 bc 0.17 bc 0.14 a
T9 30 ppm GA4+7 (BS) 3.26 abc 3.69 ab 3.25 a 0.69 a 0.65 ab 0.87 a 0.20 ab 0.15 bc 0.24 a



























































iv. Berry size classification (%) 
The ideal berry size distribution within a bunch would consist of a high percentage of normal berries, 
with the lowest possible percentage of small- and shot berries. Lower small and shot berry 
occurrence directly correlates with decreased labour requirements for the preparation of a bunch of 
export standard. The earlier 5 ppm GA3 (10%BS) treatment resulted in a significantly higher 
percentage normal berries as well as significantly lower percentage small berries for treatments 
applied at BS, compared to the earlier GA4+7 (10%BS) treatments of 7.5 ppm and 15 ppm (Table 
5.4). The 5 ppm GA3 (10%BS) treatment, therefore, delivered the desired berry size distribution, with 
the highest percentage normal berries and the lowest percentage small and shot berries compared 
to the 7.5 ppm and 15 ppm GA4+7 (10%BS) treatments. The untreated control resulted in a 
significantly lower percentage shot berries compared to the earlier 7.5 ppm and 15 ppm GA4+7 
(10%BS) treatments as well as the late 7.5 ppm and 30 ppm GA4+7 (BS) treatments, for treatments 






Table 5.4: Berry size classification (%) of marked Sunred Seedless bunches at harvest (2015/2016 season). 
 
Values designated by the same letters within a column or row do not differ significantly (p ≤ 0.05). 
T1 Untreated control 85.50 a 88.32 a 87.45 ab 12.20 a 10.75 a 10.49 ab 2.30 a 0.93 c 2.06 b
T2 5 ppm GA3 (10%BS) 85.31 a 88.18 a 90.11 a 12.03 a 9.27 a 7.66 b 2.66 a 2.56 bc 2.24 b
T3 7.5 ppm GA4+7 (10%BS) 78.07 a 78.54 a 80.62 bc 16.13 a 15.78 a 15.46 a 5.81 a 5.69 a 3.92 b
T4 15 ppm GA4+7 (10%BS) 75.95 a 86.43 a 76.63 c 18.62 a 9.43 a 15.92 a 5.43 a 4.15 ab 7.46 a
T5 30 ppm GA4+7 (10%BS) 84.54 a 87.41 a 82.91 abc 11.85 a 9.33 a 12.12 ab 3.61 a 3.26 abc 4.97 ab
T6 5 ppm GA3 (BS) 81.10 a 85.42 ab 90.95 a 16.57 a 11.23 ab 7.57 a 2.33 bc 3.35 b 1.48 a
T7 7.5 ppm GA4+7 (BS) 80.17 a 85.59 ab 78.51 a 15.14 a 9.98 ab 16.83 a 4.69 ab 4.44 ab 4.67 a
T8 15 ppm GA4+7 (BS) 88.00 a 83.28 abc 89.13 a 9.21 a 13.22 ab 7.84 a 2.79 bc 3.51 b 3.03 a
T9 30 ppm GA4+7 (BS) 78.53 a 82.73 abc 76.24 a 16.49 a 13.97 ab 18.65 a 4.99 ab 3.30 b 5.11 a
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5.3.2 2016/2017 season 
5.3.2.1 Bunch length 
The only application timing that had significant differences in bunch lengths at harvest was the 50%F 
phenological stage (Table A.7 of Addendum A), indicating a higher response at the 50%F stage 
towards the different GA treatments. The lowest GA4+7 rate of 7.5 ppm resulted in the shortest bunch 
length at harvest, bearing in mind that the pre-harvest measurement did not differ significantly from 
the rest of the treatments. The 15 ppm GA4+7 (T) and 60 ppm GA4+7 (S) treatments resulted in 
significantly higher bunch lengths compared to the 7.5 ppm GA4+7 (T) treatment (Table A.7 of 
Addendum A). The 15 ppm GA4+7 (T) and 60 ppm GA4+7 (S) treatments led to an increase of 4.53 
cm and 4.78 cm, respectively, from pre-harvest to harvest.  
Comparing the mean between phenological stages, the 10%BS stage resulted in significantly higher 
mean bunch lengths at harvest (23.29 cm), while 10%BS also resulted in the largest difference 
between pre-harvest and harvest with a difference of 2.95 cm (Table A.7 of Addendum A).  
5.3.2.2 Rachis diameter 
The 5 ppm GA3 (T) treatment had a significantly lower rachis diameter compared to the 120 ppm 
GA4+7 (T) treatment applied at 50%F as well as the 60 ppm GA4+7 (T+S) treatment applied at 80-
100%F (Table 5.5). The increased concentration of 120 ppm GA4+7 (T) used at 50%F and the double 
application of 60 ppm GA4+7 (T+S) at 80-100%F, resulted in an increased rachis diameter compared 
to the low rate and single application of 5 ppm GA3. These results indicate a response towards the 
high rate, as well as double application of GA4+7 compared to GA3 applied during flowering.  
An increase in rachis diameter can be observed from 50%F to BS when comparing the mean rachis 
diameter per phenological stage (Table 5.5). The 10%BS and BS stages resulted in significantly 
higher rachis diameters compared to the 50%F and 80-100%F stages, correlating with the findings 
of Nakamura et al. (1974) who recorded an increase in rachis diameter with GA4+7 and GA3 applied 
after full flowering. 
5.3.2.3 Distance from lateral 1 to 5 
The distance between lateral 1 to 5 relates to the possible elongation effect associated with the use 
of GA at certain phenological stages. Similar to the bunch length results, only the 50%F application 
timing resulted in significant differences between treatments (Table 5.5). The GA3 treatment induced 
a significantly longer distance between laterals 1 to 5 compared to the GA4+7 treatments of 7.5 ppm 





treatment increased the distance between laterals 1 to 5 by 12.88 mm. Application of treatments at 
the 50%F phenological stage led to significantly lower mean lateral distance compared to the other 
phenological stages.  
5.3.2.4 Total length of laterals 1 to 4 
Higher rates of GA4+7 used, such as 30 ppm (T), 60 ppm (T), 120 ppm (T) and 60 ppm (S), resulted 
in significantly higher total lateral lengths compared to the lower rate 7.5 ppm (T) GA4+7 treatment, 
applied at 50%F (Table 5.5). The results obtained with the treatments applied at the 50%F stage 
indicate that an increased GA4+7 rate improves total lateral length compared to lower GA4+7 rates, if 
applied early during flowering. Similar to the mean distance between laterals 1 to 5, the 50%F 
phenological stage had a significantly lower mean total lateral lengths compared to the other 
phenological stages. 
At 10%BS the 60 ppm GA4+7 (T) treatment resulted in a significant increase of 39.05 mm in total 






Table 5.5: Rachis diameter, lateral distance and total lateral length of marked Sunred Seedless bunches at harvest (2016/2017 season). 
Values designated by the same letters within a column or row do not differ significantly (p ≤ 0.05). 
T1 Untreated control 3.32 ab 4.12 ab 4.70 a 4.76 ab 45.75 ab 47.31 a 45.90 a 48.10 a 214.12 ab 266.35 a 240.80 b 279.62 ab
T2 5 ppm GA3 (T) 3.19 b 3.56 b 4.65 a 4.81 ab 50.78 a 44.80 a 49.40 a 47.25 a 225.63 ab 235.70 a 250.40 ab 250.45 ab
T3 7.5 ppm GA4+7 (T) 3.38 ab 3.84 ab 5.13 a 4.67 b 42.58 bc 51.10 a 49.25 a 47.67 a 191.19 b 265.40 a 268.55 ab 280.02 a
T4 15 ppm GA4+7 (T) 3.57 ab 4.19 a 4.73 a 5.18 ab 47.10 ab 46.76 a 47.05 a 49.00 a 224.43 ab 280.75 a 271.25 ab 252.10 ab
T5 30 ppm GA4+7 (T) 3.59 ab 4.03 ab 4.74 a 4.76 ab 45.83 ab 48.20 a 47.25 a 47.55 a 251.79 a 250.90 a 260.74 ab 257.15 ab
T6 60 ppm GA4+7 (T) 3.20 b 3.88 ab 4.73 a 4.99 ab 37.90 c 44.80 a 46.95 a 47.40 a 244.73 a 233.31 a 279.85 a 248.10 b
T7 120 ppm GA4+7 (T) 3.96 a 4.09 ab 4.79 a 5.30 a 41.93 bc 48.65 a 46.50 a 46.65 a 242.30 a 270.80 a 267.45 ab 266.95 ab
T8 60 ppm GA4+7 (T+S) 3.46 ab 4.27 a 4.81 a 5.07 ab 46.83 ab 45.95 a 50.25 a 47.65 a 224.10 ab 267.45 a 267.25 ab 260.35 ab
T9 60 ppm GA4+7 (S) 3.74 ab 3.95 ab 4.89 a 5.17 ab 45.72 ab 50.30 a 45.05 a 46.09 a 251.40 a 260.35 a 267.95 ab 252.10 ab
























Lateral distance 1-5 (mm) Total length of laterals 1-4  (mm)
0.61 4.96 31.916.31 8.47 6.01 36.5947.04 53.63
Mean





5.3.2.5 Bunch compactness 
i. Bunch compactness score 
Compared to the 2015/2016 season, where none of the treatments reached a CS of 3 (Table 5.2), 
some of the bunches of the 2016/2017 season obtained CS ranging from 3.20 to 4.48 (Table 5.6). 
Consequently, bunches were less compact compared to the previous season. 
Treatments applied at 50%F resulted in CS values ranging from 3.56 to 4.48 (Table 5.6). The only 
significant difference was found between the 5 ppm GA3 treatment (with a CS of 4.48) and the 7.5 
ppm GA4+7 treatment (with a CS of 3.56) (Table 5.6). The GA3 treatment at 50%F delivered undesired 
straggly bunches.  
The GA3 treatment had a significantly higher CS compared to the 60 ppm GA4+7 (T) treatment applied 
at 80-100%F (Table 5.6). Treatments applied at the 80-100%F phenological stage resulted in CS 
values ranging from 3.2 to 3.9 (Table 5.6). These value are considered slightly too high, a quick hand 
thinning action in the vineyard or the removal of uneven berries in the packhouse will result in 
bunches with a straggly appearance. If the berries are even in size with no thinning action required 
to remove uneven berries, these CS values could deliver bunches with a desirable appearance.  
Application of treatments at 10%BS delivered better CS results in the 2016/17 season (Table 5.6) 
compared to the 2015/2016 season (Table 5.6), with values ranging from 1.85 to 2.65. The 60 ppm 
GA4+7 (T+S) delivered significantly better results with a CS of 2.65 compared to the 7.5 ppm GA4+7 
(T), 30 ppm GA4+7 (T) and 60 ppm GA4+7 (S) treatments, applied at 10%BS (Table 5.6).  
Taking into consideration that no hand thinning was performed on the bunches, a bunch CS with a 
value close to 3 will result in the most desired bunch compactness for bunches receiving no hand 
thinning. Bunches with this compactness could still receive a quick hand thinning action to remove 
smaller berries from the bunch in order to ensure an even berry size distribution throughout the 
bunch to comply with export standards.  
There was a significant decrease in the mean compactness score from the 50%F to BS phenological 
stage (Table 5.6). The 50%F phenological stage resulted in a mean bunch CS of 4.07. These results 
indicate that applying a thinning treatment at 50%F is too early, as CS values of 4 indicate loose 
bunches. The 80-100%F stage had a significantly higher mean CS compared to the 10%BS and BS 
stages. The application of GA treatments during flowering resulted in less compact bunches, 
agreeing with the results of other authors (Christodoulou et al., 1966; Lynn & Jensen, 1966; Weaver 





ii. Total number of berries per cm of lateral length 
Within the phenological stages of 50%F and 80-100%F, the total berries per cm of lateral and bunch 
CS, followed a similar trend in the significant differences found between treatments (Table 5.6). At 
50%F, the 5ppm GA3 (T) treatment had a significantly lower number of berries per cm of lateral 
compared to the 7.5 ppm GA4+7 (T) treatment, following the same trend as the CS. The 5 ppm GA3 
(T) treatment, applied at 80-100%F, resulted in a significantly lower number of berries per cm of 
lateral compared to the 60 ppm GA4+7 (T) treatment as well as the untreated control. The significantly 
reduced number of berries per cm of lateral found for the 5 ppm GA3 (T) treatment at 50%F and 80-
100%F correlate with the significantly higher CS, indicating a looser bunch structure.  
At the BS stage, the GA3 treatment had a significantly lower total number of berries per cm of lateral 
compared to the 7.5 ppm GA4+7 (T), 15 ppm GA4+7 (T)  and 60 ppm GA4+7 (S) treatments (Table 5.6). 
The total number of berries per cm of lateral for the GA3 treatment also tended to be the lowest of 
all the treatments for the 50%F, 80-100%F and BS phenological stages.  
Comparing the mean number of berries per cm of lateral between the different phenological stages, 
the 2016/2017 season had considerably less berries per cm compared to the 2015/2016 season, 
indicating a positive change with the adjustment of treatments from the first to the second season. 
The 50%F and 80-100%F resulted in a significantly lower mean number of berries per cm of lateral, 






Table 5.6: Bunch compactness score and berries per cm of lateral length of marked Sunred Seedless bunches at harvest (2016/2017 season). 
 
Values designated by the same letters within a column or row do not differ significantly (p ≤ 0.05). 
T1 Untreated control 4.09 ab 3.36 ab 2.50 ab 1.72 a 2.48 ab 3.11 a 3.60 b 3.79 abc
T2 5 ppm GA3 (T) 4.48 a 3.90 a 2.50 ab 1.90 a 1.94 b 2.41 b 3.80 ab 3.35 c
T3 7.5 ppm GA4+7 (T) 3.56 b 3.50 ab 1.90 b 1.45 a 2.72 a 2.93 ab 4.31 a 4.02 ab
T4 15 ppm GA4+7 (T) 4.18 ab 3.80 ab 2.40 ab 1.45 a 2.36 ab 2.84 ab 4.17 ab 4.29 a
T5 30 ppm GA4+7 (T) 4.27 ab 3.50 ab 1.89 b 1.75 a 2.41 ab 2.96 ab 4.16 ab 3.67 bc
T6 60 ppm GA4+7 (T) 3.97 ab 3.20 b 2.40 ab 1.60 a 2.37 ab 3.01 a 3.65 ab 3.81 abc
T7 120 ppm GA4+7 (T) 3.98 ab 3.70 ab 2.40 ab 1.50 a 2.60 a 2.78 ab 3.81 ab 3.82 abc
T8 60 ppm GA4+7 (T+S) 4.23 ab 3.60 ab 2.65 a 1.75 a 2.14 ab 2.86 ab 3.82 ab 3.58 bc
T9 60 ppm GA4+7 (S) 3.85 ab 3.75 ab 1.85 b 1.53 a 2.53 ab 2.58 ab 3.85 ab 4.02 ab
4.07 w 3.59 x 2.28 y 1.63 z 2.39 z 2.83 y 3.91 x 3.82 x





Bunch compactness score (1-5)
0.67
Total berries per cm of lateral
















5.3.2.6 Berry size distribution 
i. Normal berries per cm of lateral length 
The untreated control had a significantly higher number of normal berries per cm of lateral compared 
to the 120 ppm GA4+7 (T) treatment, applied at 80-100%F (Table 5.7). These results are to be 
expected due to a positive correlation between increased GA rates and the number of shot berries 
(Christodoulou et al., 1966; Dokoozlian & Peacock 2001), which would reduce the number of normal 
berries per cm of lateral. The 50%F and 80-100%F had a significantly lower mean number of normal 
berries per cm of lateral compared to the 10%BS and BS stages (Table 5.7), indicating that GA 
treatments applied during flowering reduced the number of normal berries.  
ii. Small berries per cm of lateral length 
Hardly any significant differences were observed concerning small berries per cm of lateral length, 
with the only significant difference observed at 10%BS (Table 5.7). The 15 ppm GA4+7 (T) treatment 
had significantly more small berries per cm of lateral compared to the 30 ppm GA4+7 (T) and 60 ppm 
GA4+7 (T) treatments (Table 5.7). There were no significant differences in the total, normal or shot 
berries per cm of lateral length for treatments applied at 10%BS, therefore the significant differences 
found within the small berries per cm of lateral at 10%BS cannot easily be explained (Tables 5.6 & 
5.7).  
iii. Shot berries per cm of lateral length 
Considering the higher GA4+7 rates used in the 2016/2017 season, a similar number of shot berries 
per cm of lateral were reported compared to the 2015/2016 season. Shot berries per cm of lateral 
length, ranging from 0.01 to 0.33, were recorded for the 2016/2017 season (Table 5.7). The 
untreated control and 5 ppm GA3 (T) treatment resulted in a significantly lower number of shot berries 
per cm of lateral compared to the high rate 120 ppm GA4+7 (T) treatment, applied at 50%F and 80-
100%F (Table 5.7). Similar results were reported by other authors, where an increase in shot berries 
was observed with increased GA rates applied during flowering (Christodoulou et al., 1966; 
Dokoozlian & Peacock, 2001). The 30 ppm GA4+7 (T), applied at 50%F, 80-100%F and BS, had a 
significantly higher number of shot berries per cm of lateral length compared to the untreated control 
and 5 ppm GA3 (T). No significant differences were found for treatments applied at 10%BS. The 







Table 5.7: Berry size distribution per cm of lateral length of marked Sunred Seedless bunches at harvest (2016/2017 season). 
 
Values designated by the same letters within a column or row do not differ significantly (p ≤ 0.05). 
T1 Untreated control 1.58 a 2.32 a 2.79 a 3.22 ab 0.90 a 0.70 a 0.72 ab 0.53 a 0.01 e 0.09 b 0.88 a 0.04 bc
T2 5 ppm GA3 (T) 1.19 a 1.81 ab 3.14 a 3.09 ab 0.67 a 0.53 a 0.55 ab 0.25 a 0.08 de 0.06 b 0.11 a 0.01 c
T3 7.5 ppm GA4+7 (T) 1.51 a 2.14 ab 3.54 a 3.41 ab 1.16 a 0.67 a 0.65 ab 0.52 a 0.05 de 0.12 ab 0.12 a 0.09 abc
T4 15 ppm GA4+7 (T) 1.31 a 1.79 ab 3.14 a 3.71 a 0.91 a 0.83 a 0.84 a 0.46 a 0.14 bcd 0.22 ab 0.18 a 0.12 ab
T5 30 ppm GA4+7 (T) 1.27 a 1.91 ab 3.53 a 2.98 b 0.91 a 0.74 a 0.48 b 0.55 a 0.23 ab 0.30 a 0.16 a 0.14 a
T6 60 ppm GA4+7 (T) 1.51 a 2.21 ab 2.99 a 3.21 ab 0.79 a 0.57 a 0.46 b 0.49 a 0.09 cde 0.23 ab 0.19 a 0.10 abc
T7 120 ppm GA4+7 (T) 1.28 a 1.74 b 2.94 a 3.25 ab 0.99 a 0.73 a 0.64 ab 0.48 a 0.33 a 0.30 a 0.23 a 0.09 abc
T8 60 ppm GA4+7 (T+S) 1.10 a 1.82 ab 3.03 a 3.14 ab 0.83 a 0.87 a 0.68 ab 0.39 a 0.20 bc 0.17 ab 0.11 a 0.05 bc
T9 60 ppm GA4+7 (S) 1.66 a 1.85 ab 3.11 a 3.52 ab 0.79 a 0.63 a 0.63 ab 0.46 a 0.09 cde 0.10 ab 0.11 a 0.05 abc
1.38 z 1.95 y 3.14 x 3.28 x 0.88 x 0.70 y 0.63 y 0.46 z 0.13 y 0.18 x 0.23 xy 0.08 z





Normal berries per cm of lateral 
0.86





























iv. Berry size classification (%) 
Results of treatments applied in the 2016/2017 season indicated little variation in the percentage of 
normal and small berries, but treatments influenced the percentage shot berries significantly (Table 
5.8). No significant differences between the untreated control and treatments were observed for the 
percentage of normal and small berries. 
For treatments applied at BS, the 5 ppm GA3 (T) treatment resulted in a significantly higher 
percentage of normal berries compared to the 30 ppm GA4+7 (T) treatment (Table 5.8). These 
findings correlate with the significant differences found for the percentage of shot berries at BS, 
where the 30 ppm GA4+7 (T) treatment resulted in a significantly higher percentage shot berries 
compared to the 5 ppm GA3 (T) treatment, as well as the untreated control, 60 ppm GA4+7 (T+S) and 
60 ppm GA4+7 (S) treatments.  
Similary to the 2015/2016 season, the 5 ppm GA3 (T) treatment applied at BS delivered the most 
desirable berry size distribution, with the highest percentage of normal berries and the lowest 
percentage of shot berries (Table 5.8). For treatments applied at BS, the 5 ppm GA3 (T) treatment 
resulted in a significantly higher percentage of normal berries compared to the 30 ppm GA4+7 (T) 
treatment (Table 5.8). These findings correlate with the significant differences found for the 
percentage of shot berries at BS, where the 30 ppm GA4+7 (T) treatment resulted in a significantly 
higher percentage of shot berries compared to the 5 ppm GA3 (T) treatment, as well as the untreated 
control, 60 ppm GA4+7 (T+S) and 60 ppm GA4+7 (S) treatments.  
A significantly lower percentage of shot berries was obtained with the untreated control and the 5 
ppm GA3 (T) treatment, for thinning treatments applied at 50%F and 80-100%F compared to the 120 
ppm GA4+7 (T) treatment (Table 5.8). The highest rate treatment of 120 ppm GA4+7 (T), applied during 
flowering, resulted in a significantly higher percentage of shot berries compared to the untreated 
control and the 5 ppm GA3 (T) treatment. These results indicate a positive correlation between an 
increased GA4+7 rate and the number of shot berries, similar results with the use of GA3 have been 
reported (Christodoulou et al., 1966; Dokoozlian & Peacock, 2001). 
There was a significant increase in the mean percentage of normal berries from 50%F to BS (Table 
5.8). Treatments applied at 50%F and 80-100%F had a significantly higher mean normal berry 
percentage compared to treatments applied at 10%BS and BS. Applying GA treatments at the earlier 
phenological stages resulted in reduced mean normal berry percentages, indicating a higher 
sensitivity of Sunred Seedless to the formation of small- and shot berries with GA treatments applied 





A decrease in the mean percentage of small berries can be observed from 50%F to BS (Table 5.8). 
The 50%F and 80-100%F stages resulted in a significantly higher percentage of small berries 
compared to the 10%BS and BS stages. Similarly, the 50%F and 80-100%F had a significantly 
higher percentage of shot berries compared to the 10%BS and BS stages. These findings correlate 
with the significant differences found for the percentage normal berries, indicating a higher sensitivity 
of the earlier phenological stages to GA treatments with regard to the formation of small and shot 






Table 5.8: Berry size classification (%) of marked Sunred Seedless bunches at harvest (2016/2017 season). 
Values designated by the same letters within a column or row do not differ significantly (p ≤ 0.05). 
T1 Untreated control 63.25 a 75.16 a 77.24 a 84.45 ab 36.47 a 22.06 a 20.37 ab 14.48 a 0.27 d 2.78 b 2.40 a 1.07 b
T2 5 ppm GA3 (T) 61.82 a 75.32 a 82.84 a 92.29 a 34.50 a 21.62 a 14.36 ab 7.30 a 3.68 cd 3.06 b 2.80 a 0.41 b
T3 7.5 ppm GA4+7 (T) 55.04 a 72.99 a 81.46 a 83.72 ab 43.13 a 22.97 a 15.83 ab 13.68 a 1.82 cd 4.04 ab 2.71 a 2.61 ab
T4 15 ppm GA4+7 (T) 55.66 a 62.08 a 73.68 a 86.39 ab 38.19 a 29.90 a 21.50 a 10.92 a 6.15 bc 8.02 ab 4.82 a 2.69 ab
T5 30 ppm GA4+7 (T) 52.20 a 65.13 a 84.59 a 81.02 b 38.25 a 24.99 a 11.55 b 15.14 a 9.55 ab 9.87 ab 3.86 a 3.85 a
T6 60 ppm GA4+7 (T) 63.24 a 73.54 a 82.00 a 84.65 ab 32.83 a 18.86 a 12.80 ab 12.82 a 3.93 cd 7.60 ab 5.20 a 2.53 ab
T7 120 ppm GA4+7 (T) 48.78 a 63.00 a 77.41 a 85.35 ab 38.73 a 26.43 a 16.81 ab 12.42 a 12.49 a 10.57 a 5.78 a 2.23 ab
T8 60 ppm GA4+7 (T+S) 51.57 a 64.20 a 79.23 a 87.57 ab 39.07 a 29.95 a 17.94 ab 11.14 a 9.37 ab 5.86 ab 2.83 a 1.29 b
T9 60 ppm GA4+7 (S) 65.28 a 71.72 a 80.97 a 87.85 ab 31.34 a 24.17 a 16.08 ab 10.92 a 3.38 cd 4.12 ab 2.80 a 1.22 b
57.43 z 69.24 y 79.93 x 85.92 w 36.95 x 24.55 y 16.36 z 12.09 z 5.63 x 6.21 x 3.69 y 1.99 z
Treatment
% Normal berries % Small berries % Shot berries























LSD p=0.05 28.56 12.16
Berry Set






A significant increase in mean rachis diameter from the earliest to the latest phenological stage was 
observed for both seasons. Results showed that GA treatments applied after flowering resulted in 
significantly increased rachis diameters. An increased sensitivity towards high rates and double 
applications of GA4+7 was observed for treatments applied at 50%F, with significantly increased 
rachis diameters compared to the low rate and single application of 5 ppm GA3 (T). 
Although none of the treatments during the 2015/2016 season induced bunches of the desired CS 
of 3, bunches in the 2016/2017 season for treatments applied at 50%F and 80-100%F exceeded 
this recommended norm. Results indicate that the application of a thinning treatment at 50%F is 
most likely too early for Sunred Seedless as bunches were straggly. The mean bunch CS decreased 
significantly, i.e. bunches became more compact, from the earliest to the latest phenological stage. 
The application of GA treatments during flowering resulted in less compact bunches. 
The 5 ppm GA3 (T) treatment (2016/2017 season) resulted in the least number of total berries per 
cm of lateral length for the 50%F, 80-100%F and BS stages, indicating a looser bunch structure. The 
5 ppm GA3 treatment had a significantly reduced number of total berries per cm of lateral compared 
to the untreated control at 80-100%F. Treatments applied at the two earlier phenological stages 
resulted in a significantly reduced mean number of total berries per cm of lateral, as well as a 
significantly reduced mean normal berries per cm of lateral, compared to the two later phenological 
stages. This indicates that applying a GA treatment during flowering reduced fruit set, by significantly 
reducing the number of berries per cm of lateral. Applying a GA thinning treatment too early during 
flowering should result in overthinning and thus straggly bunches. The untreated control had a 
significantly higher number of normal berries per cm of lateral compared to the 120 ppm GA4+7 (T) 
treatment, applied at 80-100%F, as well as a significantly lower number of shot berries per cm of 
lateral compared to the 120 ppm GA4+7 (T) treatment, applied at 50%F and 80-100%F. 
Application of 5 ppm GA3 (10%BS) at BS generally produced grapes with the most desirable berry 
size classification in terms of the highest percentage of normal berries and the lowest percentage 
shot berries. The high rate treatment of 120 ppm GA4+7 (T) (2016/2017 season), applied at 50%F 
and 80-100%F, resulted in a significantly higher percentage of shot berries compared to the 
untreated control and the 5 ppm GA3 (T) treatment. A significant increase in the mean percentage 
of normal berries, as well as a significant decrease in the mean percentage small berries, is observed 
from 50%F to BS, for the 2016/2017 season. Given that treatments applied at 50%F and 80-100%F 
had a significantly higher mean percentage of shot berries compared to the 10%BS and BS stages, 





GA is applied during flowering. Instead of increasing the abscission of weaker flowers (berries), 
applications during flowering increased the formation of shot berries. An increase in shot berry 
occurrence can also be observed with the use of higher GA4+7 rates.  
The sensitivity of Sunred Seedless towards early GA applications (during flowering) observed in this 
study, confirms why the early application of GA thinning treatments for this particular cultivar do not 
give economically acceptable results. The study resulted in more reoccurring trends regarding the 
bunch phenological stage at the time of application, rather than trends regarding a specific GA 
treatment and treatment rates. These results confirm that the timing of a GA applications play a 
fundamental role in the treatment outcome for a specific cultivar.  
It is recommended that other PGRs such as ABA and ethylene should be evaluated on their own 
and in combination with GA, as thinning agents for Sunred Seedless. A multidisciplinary approach 
is recommended for further research, where parallel to the field trial evaluations of PGRs, genomic 
studies are also included to identify and quantify GA signalling components and availability of 
bioactive GAs, to contribute to understanding differences in response obtained with treatments 
applied in the field trial. 
Some of the observations have only been recorded during one of the two seasons. Repeating the 
trial for a third season could have provided a better indication regarding trends observed during the 
first two seasons. 
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CHAPTER 6:  
The effect of GA3 and GA4+7 thinning treatments on 
rudimentary seed size of Vitis vinifera L. ‘Sunred Seedless’ 
ABSTRACT 
Experiments were performed over two growing seasons on Sunred Seedless vines, grafted onto 
Ramsey, located on the ARC Infruitec-Nietvoorbij experimental farm in De Doorns. A standard GA3 
rate and various rates of GA4+7 were all applied at four different phenological stages to determine 
the optimal rate and timing to decrease rudimentary seed size compared to an untreated control. 
Rudimentary seed size distribution was determined by collecting the rudimentary seeds from grape 
berries and classing them into three classes according to their diameter (small <1 mm; medium =1-
2 mm; large >2 mm). The number of rudimentary seeds per berry was counted. After that, they were 
weighed to obtain their fresh mass to calculate the average rudimentary seed mass per berry and 
average rudimentary seed mass per seed. Seasonal differences were observed with reduced 
average seed masses recorded for the 2016/2017 season compared to the 2015/2016 season. 
Although not consistent over the two seasons, a trend was observed that applying a thinning 
treatment during flowering instead of during the early stages of berry development resulted in a 
decreased mean average rudimentary seed mass per berry, as well as an improved rudimentary 
seed size distribution with an increased percentage of small rudimentary seeds. Results indicated 
that there were no consistent trend regarding the effect of different GA3 or GA4+7 application timing 
and rates on rudimentary seed size.  
6.1 INTRODUCTION 
The table grape export market defines grape quality by the following attributes: seedlessness, 
firmness, even bunch and berry size, consistent bunch shape and skin colour. Table grape 
production in South Africa has to adapt to meet these market requirements in order to produce 
grapes that can be exported.  
During the evaluation of cultivars and/ or selections, grapes are regarded as seedless when 
rudimentary seeds are soft, green and not perceptible organoleptically (Burger et al., 2003). The 
international consumer market defines seedless grapes with detectable rudimentary seeds as a 
negative characteristic, decreasing the marketability of such grapes. Sunred Seedless is an example 





consumed. With increased consumer demands for seedless grapes, viticultural manipulations that 
reduce rudimentary seed size could have a valuable contribution from a marketing perspective.  
Rudimentary seeds or seed traces are the result of stenospermocarpy, a fruit set mechanism 
characterized by the abortion of the embryo two to four weeks after fertilization and termination of 
further seed development (Stout, 1936; Coombe, 1960; Nitsch et al., 1960; Winkler et al., 1962; 
Mullins et al., 1992; Dokoozlian, 2000; Perl et al., 2000; Roller, 2003; Iland et al., 2011). The inherent 
rudimentary seed size of a cultivar is linked to the timing of embryo abortion, which can be delayed 
in cultivars with larger rudimentary seeds (Dokoozlian, 2000). Korkutal (2005) reported that embryo 
abortion occurs between five and ten days after full flowering.  
Increased endogenous GA levels of seeded cultivars contribute to their naturally large berry size 
(Lavee, 1960; Kato et al., 1998; Agüero et al., 2000; Perez et al., 2000). Seed number per berry also 
contributes to berry size, and a higher number of seeds per berry generally promotes the 
development of larger berries (Keller, 2015). This leads to a reduced rate in berry development and 
an initial delay in ripening. The lack of seeds in seedless table grape cultivars is a limiting factor of 
berry growth (Keller, 2015), posing a challenge in meeting the requirements of consumers for large 
grapes. An external gibberellic acid (GA) application is therefore used to stimulate the sink strength 
of seedless berries, increasing berry size (Keller, 2015). GA3 applications during flowering have been 
reported to decrease rudimentary seed size in specific table grape cultivars and inducing 
parthenocarpy, due to ovule sensitivity towards increased phytohormone levels or a reduction in 
pollen germination and pollen tube growth (Motomura & Ito, 1972; Fukunaga & Kurooka, 1987; 
Kimura et al., 1996; Okamoto & Miura, 2005). Other factors influencing rudimentary seed size include 
climatic conditions, the age of the grapevine and the choice of rootstock, as different rootstocks 
contribute to different levels or hormone production (Christensen et al., 1983; Dokoozlian, 2000).  
The outcome of a GA3 application to promote seedlessness is time-sensitive, temperature and 
cultivar dependent and an unsuccessful application could result in an increased shot berries, 
thickening of the peduncles and pedicels and over thinning of berries (Motomura & Ito, 1972). There 
are also reports of GA3 spray applications having a negative effect on the return fertility of grapevines 
(Jawanda et al., 1974; Palma & Jackson, 1989; Orth, 1990; Christensen, 2000; Dokoozlian & 
Peacock, 2001; Molitor et al., 2012). 
Although the use of GA3, applied during or before flowering, to promote seedlessness in table grapes 
has been reported by numerous authors (Coombe, 1960; Sugiura & Inaba, 1966; Iwahori et al., 1968; 
Agüero et al., 2000; Cheng et al., 2013), limited published research articles are available containing 
detailed rudimentary seed measurements linked to application timing and rate for GA3 promoting 





is registered in South Africa as a calyx end russet control agent in apples, but is not registered for 
use on table grapes. The study aimed to determine whether GA3 or GA4+7, applied at variable rates 
and phenological stages, could reduce the occurrence and size of rudimentary seeds in Sunred 
Seedless in the Hex River Valley.  
6.2  MATERIALS AND METHODS 
Refer to Sections 3.3 and 3.4 in Chapter 3, for details on the experimental layout and treatments 
applied. 
6.2.1 Rudimentary seeds 
A representative sample of 40 berries per treatment replicate, consisting of 10 berries per bunch 
phenological stage, were selected at harvest. The average berry mass of each 10 berry sample per 
subplot treatment was determined. For each berry the rudimentary seeds were removed and divided 
into classes according to the seed diameter (small <1 mm; medium =1-2 mm; large >2 mm). The 
number of rudimentary seeds per berry was counted and the distribution of rudimentary seed size 
per berry also noted. The fresh mass of the rudimentary seeds of each 10-berry sample was weighed 
to calculate the average rudimentary seed mass per berry and average rudimentary seed mass per 
seed. 
6.3  RESULTS AND DISCUSSION 
6.3.1 2015/2016 season 
6.3.1.1 Number of rudimentary seeds per berry 
There were no significant differences between treatments when they were applied earlier in the 
season at the phenological stage of 80-100%F and 10%BS (Table 6.1). The late 5 ppm GA3 (BS) 
treatment, applied at BS, resulted in a significantly higher number of seeds per berry, with 2.63 seeds 
per berry, compared to other treatments ranging between 2.05 and 2.15 (Table 6.1). The late 7.5 
ppm GA4+7 (BS) treatment had a significantly lower number of seeds per berry compared to the 15 
ppm GA4+7 (BS) treatment, applied at BS+4D. A grape berry can have up to four seeds, but most 
have less than four (Dokoozlian, 2000). Although limited literature regarding the number of 
rudimentary seeds per berry and their mass is available, a study performed by Christensen et al. 





6.3.1.2 Total rudimentary seed mass per berry  
The untreated control had a significantly higher total seed mass per berry compared to all other 
treatments, indicating a possible treatment effect for treatments receiving a GA thinning application 
at BS (Table 6.1). The late 7.5 ppm GA4+7 (BS) treatment had a significantly lower total seed mass 
per berry compared to other treatments receiving a GA thinning application at BS+4D, which can be 
explained by the significantly lower number of seeds recorded. Treatments applied at BS+4D 
resulted in a significantly higher mean total seed mass compared to the treatments applied at the 
earlier bunch phenological stages. These results indicate a possible response to GA applied from 
80-100%F to BS, with a reduction in the mean total seed mass per berry. These results are similar 
to findings of other authors, where a GA3 application during flowering (Avenant, 2000) as well as 
post-flowering (Halbrooks & Mortensen, 1988; Reynolds & de Savigny, 2004) resulted in a reduced 
rudimentary seed mass. 
6.3.1.3 Average rudimentary seed mass 
The average seed mass found for the 2015/2016 season (Table 6.1), is comparable to the average 
rudimentary seed size of Sunred Seedless. The average rudimentary seed mass of Sunred Seedless 
is 9.4 mg, but it can be as large as 22.1 mg, which is large compared to that of Sultanina which can 
vary between 5.3 mg and 6.7 mg per rudimentary seed (Avenant, 2000). 
The untreated control resulted in a significantly higher average seed mass compared to the earlier 
5 ppm GA3 (10%BS) treatment, applied at 80-100%F and BS (Table 6.1). Likewise, there was also 
found to be a decrease in rudimentary seed size when grapevines were treated with GA3 during 
flowering or during the early stages of seed development (Coombe, 1960; Sugiura & Inaba, 1966; 
Iwahori et al., 1968; Agüero et al., 2000; Cheng et al., 2013). The untreated control had a significantly 
higher average seed mass compared to the late 5 ppm GA3 (BS) and 30 ppm GA4+7 (BS) treatments, 
applied at BS (Table 6.1). The 7.5 ppm GA4+7 (BS) treatment, applied at BS+4D, had a significantly 
lower average seed mass, correlating with the significantly lower total seed mass and number of 
seeds per berry found for this particular treatment. Treatments applied at BS+4D, resulted in a 
significantly higher mean total seed mass per berry, as well as mean average seed mass, compared 
to the earlier phenological stages. This indicates the possibility that a thinning application applied at 
BS+4D could be too late to have an impact on rudimentary seed size and mass.  
The 2015/2016 season produced results comparable to other studies reporting a decrease in 
rudimentary seed size when treated with GA3 during flowering or early berry development (Coombe, 
1960; Sugiura & Inaba, 1966; Iwahori et al., 1968; Halbrooks & Mortensen, 1988; Agüero et al., 





Table 6.1: Number of seeds per berry, total seed mass per berry (mg) and average seed mass (mg) of treatment samples from marked Sunred Seedless bunches 
(2015/2016 season).  
 
Values designated by the same letters within a column or row do not differ significantly (p ≤ 0.05). 
T1 Untreated control 2.00 a 1.93 a 2.48 ab 20.02 a 16.55 a 29.96 a 12.07 a 8.30 a 12.04 a
T2 5 ppm GA3 (10%BS) 2.18 a 2.28 a 2.23 ab 13.11 a 19.22 a 15.53 b 6.01 b 8.26 a 7.06 b
T3 7.5 ppm GA4+7 (10%BS) 2.55 a 2.38 a 2.20 ab 19.44 a 19.16 a 18.38 b 9.16 ab 8.00 a 8.88 ab
T4 15 ppm GA4+7 (10%BS) 2.43 a 2.25 a 2.13 b 22.51 a 23.76 a 20.05 b 7.73 ab 11.82 a 9.38 ab
T5 30 ppm GA4+7 (10%BS) 2.20 a 2.30 a 2.13 b 18.66 a 23.03 a 17.65 b 9.84 ab 9.79 a 7.76 ab
T6 5 ppm GA3 (BS) 2.50 a 2.63 a 2.13 ab 22.71 a 17.55 b 27.12 a 9.34 a 6.73 b 12.50 a
T7 7.5 ppm GA4+7 (BS) 2.38 a 2.05 b 2.03 b 24.86 a 17.82 b 18.39 b 10.43 a 8.29 ab 8.76 b
T8 15 ppm GA4+7 (BS) 1.98 a 2.15 b 2.37 a 15.73 a 17.47 b 28.96 a 7.65 a 7.79 ab 12.07 a
T9 30 ppm GA4+7 (BS) 2.18 a 2.30 ab 2.20 ab 14.72 a 16.68 b 24.99 a 7.11 a 7.14 b 11.56 ab
2.27 x 2.24 x 2.26 x 2.18 x 18.75 y 19.97 y 19.01 y 24.87 x 8.96 y 8.97 y 8.34 y 11.22 x
5.42 4.30 3.14



























































6.3.1.4 Rudimentary seed size distribution  
No significant differences in the percentage small, medium or large rudimentary seeds were 
observed for treatments applied at the bunch phenological stage of 80-100%F (Table 6.2). The 
desired rudimentary seed size distribution would be to have the highest possible percentage of small 
seeds, along with the lowest possible percentage of large seeds, reducing the noticeability of the 
rudimentary seeds during consumption.  
For treatments applied at the phenological stage of 10%BS, the untreated control and the late 15 
ppm GA4+7 (BS) treatment resulted in a significantly higher percentage of medium-sized rudimentary 
seeds compared to the late application of 7.5 ppm GA4+7 (BS) (Table 6.2). The high percentage of 
medium rudimentary seeds associated with the late application of 15 ppm GA4+7 (BS) can be 
explained by the reduction in the percentage of large rudimentary seeds recorded at 10% BS.  
Berries from the untreated control had a significantly higher percentage of large seeds compared to 
all GA4+7 treatments, excluding the late 30 ppm GA4+7 (BS) treatment applied at BS (Table 6.2). The 
two GA3 treatments did not differ significantly from the untreated control. The higher percentage of 
large seeds for the untreated control correlates with the higher average seed mass (Table 6.1). 
During the 2015/2016 season, the majority of the GA4+7 treatments applied at the phenological stage 
of BS, reduced the occurrence of large rudimentary seeds compared to the untreated control. 
The higher rate application of 30 ppm GA4+7 (BS) was associated with a significantly higher 
percentage of large seeds compared to the lower rate application of 7.5 ppm GA4+7 (BS), for 
treatments applied at BS+4D, indicating a possible dose rate response for GA4+7 (Table 6.2).  
Treatments applied at the earliest phenological stage, 80-100%F, resulted in a significantly higher 
mean percentage of small seeds compared to the BS+4D stage as well as a significantly lower 
percentage medium seeds compared to the BS stage (Table 6.2). Although the 80-100%F stage 
resulted in no significant differences between treatments, the mean value of the treatments delivered 
desirable results, suggesting that a thinning application during flowering could result in reduced 
rudimentary seed size. Similar results of reduced rudimentary seeds for Sunred Seedless have been 






Table 6.2: Rudimentary seed size distribution of treatment samples from marked Sunred Seedless bunches (2015/2016 season).  
 
Values designated by the same letters within a column or row do not differ significantly (p ≤ 0.05). 
T1 Untreated control 30.59 a 30.42 a 25.31 ab 25.76 a 39.17 a 19.39 b 43.65 a 30.42 ab 55.30 a
T2 5 ppm GA3 (10%BS) 48.03 a 43.11 a 35.16 ab 22.04 a 25.18 ab 30.63 b 29.94 a 31.71 ab 34.21 ab
T3 7.5 ppm GA4+7 (10%BS) 51.93 a 39.45 a 38.90 a 16.24 a 21.99 ab 29.66 b 31.83 a 38.56 ab 31.45 b
T4 15 ppm GA4+7 (10%BS) 41.78 a 34.75 a 15.18 b 22.17 a 21.21 ab 52.02 a 36.06 a 44.04 a 32.80 b
T5 30 ppm GA4+7 (10%BS) 39.69 a 40.23 a 34.31 ab 14.15 a 20.96 ab 36.57 ab 46.16 a 38.81 ab 29.12 b
T6 5 ppm GA3 (BS) 31.70 a 38.85 a 26.87 a 24.68 ab 22.13 b 27.40 a 43.62 a 39.02 ab 45.73 ab
T7 7.5 ppm GA4+7 (BS) 42.12 a 40.91 a 49.19 a 17.61 b 31.33 b 25.96 a 40.27 ab 27.76 b 24.85 b
T8 15 ppm GA4+7 (BS) 43.68 a 44.64 a 26.87 a 37.47 a 29.78 b 26.99 a 18.85 b 25.58 b 46.15 ab
T9 30 ppm GA4+7 (BS) 38.31 a 44.09 a 22.36 a 20.95 ab 19.72 b 17.81 a 40.74 ab 36.19 ab 59.83 a
42.40 x 38.20 xy 35.26 xy 31.32 y 20.07 y 25.47 xy 30.14 x 24.54 xy 37.53 x 36.34 x 34.60 x 44.14 x
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6.3.2 2016/2017 season 
6.3.2.1 Number of rudimentary seeds per berry 
The 60 ppm GA4+7 (T+S) treatment had a significantly higher number of rudimentary seeds per berry, 
with 2.35 seeds per berry compared to the 7.5 ppm GA4+7 (T) treatment with 1.10 seeds per berry, 
at 50%F (Table 6.3). For treatments applied at 10%BS, the 30 ppm GA4+7 (T) had a significantly 
higher number of rudimentary seeds per berry compared to the 5 ppm GA3 (T), 15 ppm GA4+7 (T) 
and 60 ppm GA4+7 (S) treatments.  
6.3.2.2 Total rudimentary seed mass per berry  
A comparable mean number of seeds per berry with noticeably lower seed masses was recorded in 
the 2016/2017 season (Table 6.3) compared to the 2015/2016 season (Table 6.1). Reynolds and de 
Savigny (2004) and Reynolds et al. (2006) also reported vast seasonal differences concerning 
rudimentary seed number and especially with regard to their seed mass.  
At the earliest phenological stage of application, 50%F, the 7.5 ppm GA4+7 (T) treatment resulted in 
significantly higher total seed mass per berry compared to the untreated control and 60 ppm GA4+7 
(T+S) treatment (Table 6.3). The 7.5 ppm GA4+7 (T) treatment had the highest total seed mass per 
berry, although it had the lowest number of seeds per berry, meaning fewer, but larger seeds. The 
5 ppm GA3 (T) treatment had a significantly higher total seed mass per berry compared to all other 
treatments, including the untreated control, applied at 80-100%F. At this stage, there is no plausible 
reason for the unexpected results. No significant differences in the rudimentary seed mass were 
found for treatments applied at the bunch phenological stage of BS. Comparing the mean total seed 
mass per berry for each bunch phenological stage, 50%F was associated with a significantly lower 
total seed mass compared to the 10%BS stage.  
6.3.2.3 Average rudimentary seed mass 
The untreated control of GA treatments applied at 50%F had a significantly lower average seed 
mass compared to the 7.5 ppm GA4+7 (T), 30 ppm GA4+7 (T) and 60 ppm GA4+7 (S) treatments (Table 
6.3). This correlated with the significantly lower total seed mass per berry of the untreated control. 
Also for application at 50%F, the untreated control, along with the 60 ppm GA4+7 (T) and 60 ppm 
GA4+7 (T+S) treatments, had significantly lower average seed mass compared to the 30 ppm GA4+7 
(T) treatment (Table 6.3).  
Similar to the significantly higher total seed mass, the average seed mass of the 5 ppm GA3 (T) 





60 ppm GA4+7 (T+S) and 60 ppm GA4+7 (S) treatments (Table 6.3). The average seed mass was 
significantly higher compared to the untreated control, 7.5 ppm GA4+7 (T), 120 ppm GA4+7 (T), 60 
ppm GA4+7 (T+S) and 60 ppm GA4+7 (S) treatments. At 10%BS, the 60 ppm GA4+7 (S) treatment had 
a significantly higher average seed mass compared to the 7.5 ppm GA4+7 (T), 60 ppm GA4+7 (T) and 
120 ppm GA4+7 (T) treatments.  
Noticeably higher average seed masses were observed for the 2015/2016 season (Table 6.1) 
compared to the 2016/2017 season (Table 6.3). Temperatures below average during flowering and 
early fruit development, could delay embryo abortion and result in an increased noticeability of 
rudimentary seeds (Dokoozlian, 2000). Flowering generally occurs when the average daily 
temperature is higher than 18°C (Keller, 2015). Optimal temperatures for pollen tube growth range 
from 25°C to 30°C, with an inhibiting effect observed for temperatures below 10°C and above 35°C 
(Keller, 2015). In the current study, for the period of 1 October to 30 November (pre-flowering to 
early fruit development), the average temperature for the 2015/2016 season was 1.7°C lower at 
16.76°C compared to the 2016/2017 season at 18.46°C (Table 6.4). The lower average temperature 
during flowering and early fruit development could have contributed to the higher rudimentary seed 
mass in the 2015/2016 season.  
No consistent trend regarding the effect of different GA3 or GA4+7 application timing and rates on 
rudimentary seed size could have been concluded over two seasons. Similar results regarding 
rudimentary seed mass have been found by Christensen et al. (1983), where dry seed mass varied 
substantially between different seasons. Reynolds & de Savigny (2004) and Reynolds et al. (2006) 





Table 6.4: Average minimum and maximum temperatures for De Doorns, Hex River Valley, for the period of 1 October to 30 November 2015/2016 and 2016/2017 








1 Oct – 30 Nov 2015 9.18 25.06 16.76 
1 Oct – 30 Nov 2016 8.90 27.31 18.46 
 
Table 6.3: Number of seeds per berry, total seed mass per berry (mg) and average seed mass (mg) of treatment samples from marked Sunred Seedless bunches 
(2016/2017 season). 
 
Values designated by the same letters within a column or row do not differ significantly (p ≤ 0.05). 
T1 Untreated control 2.25 ab 2.33 a 2.15 ab 2.03 a 3.84 b 6.16 b 7.58 a 6.83 a 1.77 c 2.61 b 3.50 ab 3.69 a
T2 5 ppm GA3 (T) 2.30 ab 2.40 a 1.80 b 1.90 a 6.47 ab 12.55 a 6.08 a 4.50 a 2.85 abc 5.44 a 3.37 ab 2.83 a
T3 7.5 ppm GA4+7 (T) 1.10 b 2.05 a 2.18 ab 2.15 a 9.03 a 4.49 b 6.83 a 6.11 a 4.05 ab 2.24 b 3.10 b 2.79 a
T4 15 ppm GA4+7 (T) 2.05 ab 2.13 a 1.70 b 1.60 a 5.56 ab 6.99 b 5.04 a 7.16 a 2.91 abc 3.60 ab 3.48 ab 4.27 a
T5 30 ppm GA4+7 (T) 2.10 ab 1.60 a 2.60 a 2.00 a 7.59 ab 5.92 b 6.85 a 7.27 a 4.34 a 3.08 ab 2.68 b 3.70 a
T6 60 ppm GA4+7 (T) 1.98 ab 1.68 a 2.35 ab 1.73 a 5.23 ab 7.17 b 6.60 a 6.08 a 1.97 bc 4.24 ab 2.98 b 3.53 a
T7 120 ppm GA4+7 (T) 2.23 ab 2.45 a 2.20 ab 2.15 a 6.01 ab 6.20 b 9.98 a 6.92 a 2.73 abc 2.51 b 4.48 ab 3.24 a
T8 60 ppm GA4+7 (T+S) 2.35 a 2.03 a 2.40 ab 2.25 a 4.08 b 4.78 b 7.63 a 5.43 a 1.85 bc 2.41 b 3.25 ab 2.34 a
T9 60 ppm GA4+7 (S) 1.28 ab 2.25 a 1.68 b 1.83 a 5.39 ab 4.65 b 8.93 a 5.82 a 3.22 ab 2.29 b 5.18 a 3.39 a
1.96 x 2.10 x 2.12 x 1.96 x 5.91 y 6.55 xy 7.28 x 6.23 xy 2.85 y 3.16 xy 3.56 x 3.31 xyMean
LSD p=0.05








1.24 0.96 0.75 0.83
Treatment
Bunch phenological stage at application





















6.3.2.4 Rudimentary seed size distribution  
At 10%BS, the untreated control had a significantly higher percentage of large seeds, along with a 
significantly lower percentage of medium seeds compared to the 15 ppm GA4+7 (T) treatment (Table 
6.5). The 5 ppm GA3 (T) treatment, applied at BS, had a significantly higher percentage medium 
berries compared to the 7.5 ppm GA4+7 (T), 15 ppm GA4+7 (T), 60 ppm GA4+7 (T), 120 ppm GA4+7 (T) 
and 60 ppm GA4+7 (T+S) treatments (Table 6.5). No significant differences were reported between 
the untreated control and treatments in the percentage of small seeds. No consistent trend regarding 
a specific GA3 or GA4+7 application rate and timing combination was reported for the 2016/2017 
season, with regards to the ideal rudimentary seed size distribution.  
Similar to the 2015/2016 season, application at the earlier phenological stages, 50%F and 80-
100%F, resulted in a significantly higher mean percentage of small berries compared to the later 
stage of BS (Tables 6.2 & 6.5). Application of GA treatments at the latest bunch phenological stage, 
BS, also had a significantly higher percentage of medium rudimentary seeds compared to application 





 Table 6.5: Rudimentary seed size distribution of treatment samples from marked Sunred Seedless bunches (2016/2017 season). 
 
Values designated by the same letters within a column or row do not differ significantly (p ≤ 0.05). 
T1 Untreated control 55.14 abc 44.42 ab 29.90 a 36.02 a 27.93 a 25.25 ab 18.12 c 36.03 ab 16.93 b 30.33 a 51.98 a 27.92 a
T2 5 ppm GA3 (T) 46.39 abc 33.05 b 33.80 a 22.97 a 27.63 a 25.69 ab 26.20 bc 57.81 a 25.98 ab 41.26 a 40.00 ab 19.22 a
T3 7.5 ppm GA4+7 (T) 45.83 abc 55.43 ab 38.60 a 28.57 a 27.08 a 21.14 ab 36.45 ab 32.23 b 27.08 ab 23.43 a 24.95 ab 39.20 a
T4 15 ppm GA4+7 (T) 28.92 c 55.53 ab 42.41 a 37.75 a 24.73 a 22.32 ab 45.16 a 33.13 b 46.34 a 22.15 a 12.43 b 29.12 a
T5 30 ppm GA4+7 (T) 34.17 bc 68.68 a 41.77 a 37.20 a 18.33 a 10.98 b 19.13 bc 40.22 ab 47.50 a 20.37 a 39.10 ab 22.58 a
T6 60 ppm GA4+7 (T) 64.76 ab 48.95 ab 49.35 a 29.29 a 19.37 a 38.55 a 24.99 bc 24.48 b 15.87 b 12.50 a 25.66 ab 42.24 a
T7 120 ppm GA4+7 (T) 62.45 ab 55.93 ab 42.90 a 40.83 a 10.67 a 13.51 b 26.15 bc 33.33 b 26.87 ab 30.56 a 30.95 ab 25.83 a
T8 60 ppm GA4+7 (T+S) 65.05 a 66.46 a 56.34 a 47.90 a 15.61 a 13.63 b 24.75 bc 27.83 b 19.34 b 19.91 a 18.91 b 24.27 a
T9 60 ppm GA4+7 (S) 26.86 c 42.98 ab 31.12 a 31.54 a 26.76 a 26.17 ab 31.88 abc 35.69 ab 46.38 a 30.86 a 37.00 ab 32.77 a
47.73 xy 52.38 x 40.69 yz 34.67 z 22.01 y 21.92 y 28.09 y 35.64 x 30.25 x 25.71 x 31.22 x 29.24 x
23.86 29.35 31.47 30.98
Treatment



















25.78 22.54 22.59 18.09 22.56
Mean
LSD p=0.05 30.68 30.15 32.23









6.4  CONCLUSION  
The 5 ppm GA3 (10%BS) treatment, applied at 80-100%F and BS, had a significantly lower average 
seed mass compared to the untreated control. At the bunch phenological stage of BS, for the 
2015/2016 season, a treatment effect was visible through a reduction in the total seed mass per 
berry of all treatments, compared to the untreated control. Unfortunately, the same results as 
mentioned above, could not be reproduced during the 2016/2017 season.  
Comparing the timing of treatments per phenological stage for the 2015/2016 season, the 80-100%F 
stage had a significantly lower mean average seed mass per berry, along with significantly higher 
percentage small seeds, compared to the BS+4D phenological stage. For the 2016/2017, the 50%F 
stage had a significantly lower mean average seed mass per berry, along with significantly lower 
percentage medium seeds, compared to the 10%BS phenological stage. Although not consistent 
over the two seasons, a trend was observed that applying a thinning treatment during flowering 
instead of during the early stages of berry development, resulted in a decreased average seed mass 
per berry, as well as an improved rudimentary seed size distribution with an increased percentage 
small rudimentary seeds.  
The application of GA at different phenological stages had no significant effect on the number of 
rudimentary seeds in Sunred Seedless grapes. No consistent trends could be observed with regard 
to the effect of different rates of application on the number of rudimentary seeds. Results showed 
that there are seasonal differences in average mass of rudimentary seeds. This is most likely due to 
differences in prevailing temperatures during pre-flowering and early fruit development. The 
application of a thinning treatment during flowering instead of during the early stages of berry 
development as with average seed mass per berry, reduced the mean average seed mass per berry 
as well. This indicated a possible response of Sunred Seedless to GA applications during flowering 
or during the early stages of seed development regardless of the concentration. There was also an 
improved rudimentary seed size distribution with an increased percentage of small rudimentary 
seeds with earlier applications of GA.  
The 5 ppm GA3 treatment applied at 80-100%F were the most promising, as it resulted in smaller 
rudimentary seeds. The 5 ppm GA3 treatment applied at 80-100%F should be included for further 
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The effect of GA3 and GA4+7 thinning treatments 






CHAPTER 7:  
The effect of GA3 and GA4+7 thinning treatments on the return 
fertility of Vitis vinifera L. ‘Sunred Seedless’ 
ABSTRACT 
Experiments were performed over two growing seasons on Sunred Seedless vines, grafted onto 
Ramsey, located on the ARC Infruitec-Nietvoorbij experimental farm in De Doorns. A standard GA3 
rate and various rates of GA4+7 were applied at four different bunch phenological stages in order to 
determine the effect on the return fertility of Sunred Seedless. Potential fertility was determined 
during the winter with the use of two methods, namely bud dissection and forced budding in a 
glasshouse, with the actual fertility determined in the vineyard after bud break once bunches were 
clearly visible. All treatments, over both seasons, reached commercially acceptable bud break 
percentages. The mean number of bunches per sprouted bud, assessed through forced budding, 
decreased from June 2016 to June 2017, possibly due to the adjustment in treatments, containing 
increased rates of GA4+7. Compared to the untreated control, the 5 ppm GA3 (10%BS) treatment 
resulted in a decreased potential fertility as determined through bud dissection (June 2016), as well 
as the actual fertility assessments (October 2016). A poor correlation between the potential fertility 
determined through bud dissection and forced budding was reported, compared to the actual fertility 
determined in the vineyard. Potential fertility assessments should therefore not be used for crop 
estimations, but rather used to verify the pruning system used for a specific cultivar. 
7.1 INTRODUCTION 
The use of plant growth regulators (PGRs) in table grape production has become a common practice 
for producers in South Africa, with the use of gibberellic acid (GA3), forchlorfenuron (CPPU), 
ethephon and s-abscisic acid (s-ABA). Various published research articles are available on the effect 
of GA3 on bunch elongation, berry thinning and berry sizing, but minimal research information is 
available regarding the effect on return fertility of the grapevine. 
Bunch induction and initiation of inflorescence primordia, within the buds, commences during 
flowering and lasts until the period between véraison and harvest. (Williams, 2000). The number of 
flower primordia per vine of the current season is therefore determined during the previous growing 
season (Ahmed Ola et al., 2012). During bunch induction and initiation of inflorescence primordia, 





environmental factors (temperature, light & water) and physiological factors (plant hormones, 
carbohydrates & nutrients).  
From the limited literature available, authors have reported a negative effect on return fertility 
following the use of GA3, which include decreased bud fertility (Jawanda et al., 1974), decreased 
fertility with full cover applications (Orth, 1990) as well as with applications applied during flowering 
(Mullins et al., 1992; Dokoozlian, 1999; Dokoozlian & Peacock, 2001; Weyand & Schultz, 2005), 
during berry set (Peacock, 1998; Ahmed Ola et al., 2012) and with applications containing high rates 
of GA3 (Peacock, 1998; Dokoozlian et al., 2000; Korkutal et al., 2008; Ahmed Ola et al., 2012; 
Elgendy et al., 2012). The application of 50 ppm GA3 during the 50-80% flowering stage resulted in 
a decreased return fertility in Riesling (Weyand & Schultz, 2005). The effect of GA4+7 on the return 
fertility of the grapevine has not yet been reported, but the use of GA4+7 reduced apple flower bud 
formation (Davis, 2002) as well as delayed and prolonged apple flower bud initiation when the fruit 
was treated with both GA3 and GA4+7 (Bertelsen et al., 2002). 
Considering all the above-mentioned, the aim of the study was to evaluate the effect of GA3 and 
GA4+7 applied at variable rates and phenological stages on the return fertility of Sunred Seedless in 
the Hex River valley. 
7.2 MATERIALS AND METHODS 
7.2.1 Potential fertility 
The potential fertility of the experimental vineyard was determined using two methods, namely bud 
dissection and forced budding in a glasshouse during the winter of the 2015/2016 and 2016/2017 
seasons. The pruning method used for the experimental vineyard contained an average of six half 
long bearers (nine to ten buds per cane) and twelve spurs (two to three buds per spur) per vine. The 
potential fertility was determined using canes with nine bud positions each.  
Four canes per experimental data unit were collected, two canes were used for forced budding and 
two for bud dissections. A total of 16 canes per treatment were collected. Canes were only collected 
for treatments T1 to T5 in the 2015/2016 season, whereas canes for all treatments (T1 to T9) were 
collected in the 2016/2017 season. 
To determine potential fertility through forced budding, the canes were cut into single-node cuttings 
and placed into water trays in a glasshouse at 25°C (Palma & Jackson, 1989). The bud break date 





al., 1983; Palma & Jackson, 1989; Dunn & Martin, 2000). Growth observations were recorded twice 
a week, until the inflorescences were clearly noticeable in order to be counted and recorded. 
For the bud dissection investigation, dormant canes collected were stored at 0°C until bud 
dissections could be performed following the procedure described by Swanepoel and Baard (1988), 
working under a stereomicroscope. The potential fertility was determined by counting and recording 
the number of inflorescence primordia per bud. Bud mite damage was also recorded during bud 
dissections, with hardly any presence in the buds of the assessed dormant canes of Sunred 
Seedless in both seasons. 
7.2.2 Actual fertility 
The actual fertility was determined in the vineyard after bud break, once shoots with bunches were 
visible and before crop control was applied in the vineyard. Eight half-long bearers (nine bud 
positions) and eight spurs per experimental data unit were evaluated. Each bud position was 
evaluated by identifying whether bud break took place, recording the type of shoot that originated 
from the bud position (vegetative or reproductive shoot), as well as counting and recording the 
number of bunches per shoot. The actual fertility was only determined in October 2016, after the first 
season’s treatments were applied on 31 October and 4 November 2015. 
7.2.3 Bud break percentage 
The bud break percentage was determined during forced budding in June 2016 and 2017, as well 
as during the actual fertility assessments in October 2016. The bud break percentage was calculated 
to determine whether it was affected by the GA3 or GA4+7 treatments, as well as to determine if bud 
break percentages above 80% can be reached in order to comply with levels of a commercial 
standard (Dokoozlian & Williams, 1995; Dokoozlian, 1999). 
7.3 RESULTS AND DISCUSSION 
7.3.1 Potential fertility  
7.3.1.1 Forced budding 
No significant differences between treatments were recorded for forced budding assessments of bud 
break percentages and bunches per sprouted bud, performed in June 2016 or June 2017 (Tables 
7.1 & 7.2). The mean number of bunches per sprouted bud, over all treatments, for forced budding, 
was lower in June 2017 than in June 2016. This potential fertility decreased from 1.34 bunches per 





from one season to the following season could differ by as much as 25%. Alternatively, the number 
of bunches recorded for forced budding in June 2017 could have been impacted by conditions in the 
glasshouse, such as radiation and temperature fluctuations, resulting in the decreased potential 
fertility, compared to June 2016. A further explanation for the decrease in fertility could be due to the 
treatment adjustments in the 2016/2017 season where much higher dosage rates of GA4+7 (up to 
120 ppm) were applied compared to the 2015/2016 season (up to 30 ppm). Similar to these findings, 
authors have reported that high rates of GA3 decrease grapevine fertility (Peacock, 1998; Dokoozlian 
et al., 2000; Korkutal et al., 2008; Ahmed Ola et al., 2012; Elgendy et al., 2012). 
7.3.1.2 Bud dissection 
In June 2016, significant differences were found between treatments with the bud dissection 
assessments (Table 7.1). The untreated control had a significantly higher potential fertility compared 
to the 5 ppm GA3 (10%BS), 7.5 ppm GA4+7 (10%BS) and the 15 ppm GA4+7 (10%BS) treatments. No 
significant differences were recorded between treatments assessed in June 2017 (Table 7.2).  
The mean number of inflorescence primordia per bud determined through bud dissections was 
similar in June 2017 and June 2016, with an average of 0.90 and 0.85 respectively  (Tables 7.1 & 
7.2). These results did not follow the same pattern as the forced budding results, where the mean 
potential fertility over all treatments was lower in June 2017 compared to June 2016. Given the 
intricate nature of bud dissections, it could be possible that inflorescence primordia were miscounted 
or misinterpreted as leaf primordia during the bud dissection during June 2016. 
Table 7.1: Potential fertility of Sunred Seedless in De Doorns, after the first season’s treatments. 
T1 Untreated Control 94.44 a 1.41 a 1.04 a
T2 5 ppm GA3 (10%BS) 98.61 a 1.23 a 0.78 b
T3 7.5 ppm GA4+7 (10%BS) 95.83 a 1.43 a 0.78 b
T4 15 ppm GA4+7 (10%BS) 95.83 a 1.45 a 0.77 b
T5 30 ppm GA4+7 (10%BS) 100.00 a 1.19 a 0.88 ab
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7.3.1.3 Seasonal comparison of similar treatments 
With the adjustment of treatments from the 2015/2016 to the 2016/2017 season, the first five 
treatments (T1-T5) remained the same concerning the GA concentration used as thinning 
treatments. In order to establish whether there were differences in the potential fertility between 
similar treatments from one season to the other, statistically, treatments T1 to T5 were evaluated 
separately (Table 7.3).  
There were no significant differences in terms of the % bud break, determined through forced 
budding between season or between treatments (Tables 7.3). For all treatments, including the 
untreated control, a decrease in potential fertility, determined through forced budding, was reported 
from June 2016 to June 2017 (Table 7.3). However, within a season, no significant differences in the 
number of bunches per sprouted bud were reported between the untreated control and treatments, 
but differences between seasons were observed (Tables 7.3). The mean number of bunches per 
sprouted bud were significantly lower in June 2017, compared to June 2016 (Table 7.3). Due to no 
significant differences recorded, the decrease in potential fertility indicates towards a seasonal effect, 
rather than a treatment effect. It is therefore important to repeat a  trial over a few seasons, in order 
to establish whether results recorded were due to seasonal effects or due to treatments effects. 
The number of inflorescence primordia per bud determined through bud dissections for the untreated 
control in June 2016 was significantly higher compared to the 5 ppm GA3, 7.5 ppm GA4+7 and 15 
Table 7.2: Potential fertility of Sunred Seedless in De Doorns, after the second season’s treatments. 
T1 Untreated Control 93.06 a 0.91 a 0.89 a
T2 5 ppm GA3 (T) 95.83 a 0.71 a 0.89 a
T3 7.5 ppm GA4+7 (T) 97.22 a 0.76 a 0.84 a
T4 15 ppm GA4+7 (T) 98.61 a 0.83 a 0.95 a
T5 30 ppm GA4+7 (T) 97.22 a 0.75 a 0.94 a
T6 60 ppm GA4+7 (T) 95.83 a 0.79 a 0.95 a
T7 120 ppm GA4+7 (T) 94.44 a 0.79 a 0.94 a
T8 60 ppm GA4+7 (T+S) 98.61 a 0.81 a 0.97 a
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ppm GA4+7 (Table 7.3). The untreated control had a significantly higher number of inflorescence 
primordia per bud when comparing the mean between treatments over two seasons (Table 7.3). 
There were no significant differences for the potential fertility determined by bud dissection in June 





Table 7.3: Potential fertility comparison between seasons (2015/2016 & 2016/2017) for similar treatments from both seasons (T1-T5) of treated Sunred Seedless in 
De Doorns. 
T1 Untreated Control 94.44 a 93.06 a 93.75 a 1.41 a 0.91 a 1.16 a 1.04 a 0.89 a 0.96 a
T2 5 ppm GA3 93.06 a 95.83 a 97.22 a 1.23 a 0.71 a 0.97 a 0.78 b 0.89 a 0.84 ab
T3 7.5 ppm GA4+7 98.61 a 97.22 a 96.53 a 1.43 a 0.76 a 1.10 a 0.78 b 0.84 a 0.81 b
T4 15 ppm GA4+7 95.83 a 98.61 a 97.22 a 1.45 a 0.83 a 1.14 a 0.77 b 0.95 a 0.86 ab
T5 30 ppm GA4+7 100.00 a 97.22 a 98.61 a 1.19 a 0.75 a 0.97 a 0.88 ab 0.94 a 0.91 ab
96.94 x 96.39 x 1.34 x 0.79 y 0.85 x 0.90 x
Bud dissection





















*Average number of node positions 1 to 9.  





7.3.2 Actual Fertility (October 2016) 
7.3.2.1 Assessment in vineyard 
The untreated control had a significantly higher number of bunches per sprouted bud on a 9 node 
half-long bearer compared to the 5 ppm GA3 (10%BS) and 15 ppm GA4+7 (10%BS) treatments (Table 
7.4). Similar to the number of bunches sprouted per bud on a half-long bearer, the untreated control 
had a significantly higher average number of bunches per vine compared to the 5 ppm GA3 (10%BS) 
treatment. These results correlate with the findings of Dokoozlian (1998), who reported that GA3 
applied at berry set resulted in a significant decrease in the return fertility, with a decrease of 77% in 
cane pruned vines and 43% in spur pruned vines of Crimson Seedless. Similarly, Peacock (1998) 
reported a 29% decrease in return fertility with GA3 applied during berry set. In a study performed 
over two seasons on the cultivar Thompson Seedless, Ahmed Ola et al. (2012) found that GA3 
applied during berry set resulted in the lowest percentage of fertile buds. 
The 7.5 ppm GA4+7 (BS) treatment had a significantly lower number of bunches per vines compared 
to the untreated control, although the number of bunches per spouted bud did not differ significantly 
(Table 7.4). This was most likely due to the significantly lower bud break percentage of the 7.5 ppm 
GA4+7 (BS) treatment, resulting in a reduced number of shoots and bunches per vine.  
Comparing the mean potential fertility over all treatments, determined in June 2016, to the actual 
fertility determined in October 2016, the mean number of bunches per node of the half-long bearer 
evaluation (1.43) was slightly higher than the mean potential fertility determined through forced 
budding (1.34), but much higher than the mean potential fertility determined through bud dissection 
(0.85). The mean actual fertility and mean potential fertility determined through the forced budding 
assessment are comparable to one another, indicating a possible experimental error in the 
determination of the potential fertility through bud dissection, as previously mentioned in Section 
7.3.2.1. 
After two seasons of treatment applications, the fertility of the experimental vineyard decreased from 
2016 to 2017 when comparing the mean actual fertility (1.43) determined in October 2016 to the 
mean potential fertility determined through forced budding (0.79) and bud dissection (0.90) in June 
2017 (Tables 7.2 & 7.4). This corresponds with the findings of authors who also recorded a decrease 
in the return fertility following a GA application (Jawanda et al., 1974; Orth, 1990; Mullins et al., 1992; 
Dokoozlian, 1999; Dokoozlian et al., 2000; Dokoozlian & Peacock, 2001; Weyand & Schultz, 2005; 





7.3.2.2 No. of bunches per node position 
The first node position (P1) for both the half-long bearer as well as the spur had a significantly lower 
mean number of bunches. This indicates that the first node of Sunred Seedless had the lowest fertility 
compared to the other node positions. Comparing the mean number of bunches per node position 
for the half-long bearer, positions one to three (P1 – P3) had a significantly lower actual fertility 
compared to node positions four to nine (P4 – P9) (Table 7.5). These results serve as verification for 
the half-long bearer pruning method used in the experimental vineyard, as node positions four to 
nine has higher fertility.  
7.3.3 Bud break percentage 
Commercially acceptable bud break percentages of higher than 80% were obtained with forced 
budding (June 2016 & 2017) and actual fertility (October 2016) assessments (Tables 7.1, 7.2 & 7.4). 
There were no significant differences in the bud break percentages of the different treatments, 
including the untreated control. In contrast, Ahmed Ola et al. (2012) reported that higher 
concentrations of GA3, such as 40 ppm, resulted in a decreased bud break percentage. The same 
correlation could not be found in this study with the higher rates of GA4+7.  
Table 7.4: Actual fertility of Sunred Seedless in De Doorns, after the first season’s treatments, determined in 
October 2016. 
T1 Untreated Control 97.05 ab 1.54 a 1.38 a 133.00 a
T2 5 ppm GA3 (10%BS) 100.00 a 1.34 b 1.17 a 114.88 b
T3 7.5 ppm GA4+7 (10%BS) 98.61 ab 1.41 ab 1.28 a 122.38 ab
T4 15 ppm GA4+7 (10%BS) 94.44 ab 1.34 b 1.26 a 117.75 ab
T5 30 ppm GA4+7 (10%BS) 94.44 ab 1.38 ab 1.42 a 125.50 ab
T6 5 ppm GA3 (BS) 100.00 a 1.47 ab 1.36 a 128.13 ab
T7 7.5 ppm GA4+7 (BS) 91.67 b 1.37 ab 1.18 a 116.56 b
T8 15 ppm GA4+7 (BS) 100.00 a 1.47 ab 1.35 a 128.13 ab
T9 30 ppm GA4+7 (BS) 97.22 ab 1.50 ab 1.34 a 129.38 ab
Average no. of bunches per node 

























Table 7.5: Actual fertility of Sunred Seedless in De Doorns, after the first season’s treatments, expressed as the number of bunches per node position. 
T1 Untreated Control 1.19 ab 1.21 a 1.44 abc 1.59 ab 1.77 a 1.74 abc 1.82 ab 1.60 a 1.89 a 1.28 a 1.49 a 1.75 ab
T2 5 ppm GA3 (10%BS) 1.06 ab 1.10 a 0.74 d 1.51 ab 1.62 a 1.75 abc 1.66 ab 1.49 a 1.26 b 1.07 a 1.53 a 1.17 c
T3 7.5 ppm GA4+7 (10%BS) 1.08 ab 1.31 a 1.23 bc 1.07 b 1.65 a 1.43 c 1.76 ab 1.72 a 1.60 ab 1.20 a 1.47 a 1.33 bc
T4 15 ppm GA4+7 (10%BS) 0.67 b 1.27 a 1.59 ab 1.48 ab 1.43 a 1.46 bc 1.54 ab 1.69 a 1.46 ab 1.20 a 1.53 a 1.44 abc
T5 30 ppm GA4+7 (10%BS) 0.83 ab 1.33 a 1.23 bc 1.32 ab 1.52 a 1.78 ab 1.74 ab 1.57 a 1.71 ab 1.33 a 1.59 a 1.79 ab
T6 5 ppm GA3 (BS) 1.06 ab 1.46 a 1.32 abc 1.61 ab 1.51 a 1.70 abc 1.61 ab 1.67 a 1.44 ab 1.33 a 1.47 a 1.31 bc
T7 7.5 ppm GA4+7 (BS) 1.00 ab 1.29 a 1.17 c 1.29 ab 1.42 a 1.83 a 1.96 a 1.63 a 1.69 ab 1.35 a 1.34 a 1.23 c
T8 15 ppm GA4+7 (BS) 1.46 a 1.33 a 1.49 abc 1.79 a 1.73 a 1.58 abc 1.32 b 1.28 a 1.66 ab 1.34 a 1.57 a 1.88 a
T9 30 ppm GA4+7 (BS) 0.98 ab 1.42 a 1.67 a 1.86 a 1.72 a 1.45 bc 1.91 ab 1.25 a 1.67 ab 1.31 a 1.58 a 1.83 a
1.04 d 1.30 c 1.32 c 1.50 b 1.60 ab 1.64 ab 1.70 a 1.54 ab 1.60 ab 1.27 b 1.51 a 1.53 a
Treatments





Actual fertility (Oct 2016)
0.420.67
Spur






(No. of bunches per node position)
P7 P8 P9P4 P5
0.580.59 0.44 0.35 0.59 0.49





7.3.4 Correlation between fertility assessment methods  
The correlation between bud dissections and forced budding used for determining the potential 
fertility was very low, with R² = 0.039 (Table 7.6). The correlation between the actual fertility 
determined in the vineyard and the potential fertility determined through bud dissections (R² = 0.039) 
and forced budding  (R² = 0.029) respectively were also very low (Table 7.6). These results indicate 
that the potential fertility determined through forced budding and bud dissections were poorly 
correlated to the actual fertility. The use of bud dissections and forced budding should therefore not 
be used by producers for crop estimations, as it might correlate poorly to the actual fertility. Potential 
fertility assessments should instead be used only to verify the pruning system used for a specific 
cultivar. 
Table 7.6: Correlation between potential fertility determined through forced budding and bud dissections and 
the actual fertility of the 2015/2016 season, assessed through coefficients of determination (R²). 
Fertility assessment correlation (2015/2016) 
Variables Bud dissection Forced budding Actual fertility 
Bud dissection 1.000 0.039 0.337 
Forced budding 0.039 1.000 0.029 
Actual fertility 0.337 0.029 1.000 
7.4 CONCLUSION  
Results showed that all treatments reached commercially acceptable bud break percentages of ≥ 
80% in forced budding assessments in June of 2016 and 2017, as well as during actual fertility 
assessments in October 2016. The GA3 and GA4+7 treatments applied did not affect the bud break 
of the experimental vineyard. For similar treatments of the 2015/2016 season and 2016/2017 
season, a decreased mean number of bunches per sprouted bud were recorded from June 2016 to 
June 2017, assessed through forced budding. The decrease in potential fertility recorded was 
ascribed to a seasonal effect, due to no significant differences recorded between the untreated 
control and treatments within a season.  
The untreated control had a significantly higher number of inflorescence primordia per bud, when 
compared to the 5 ppm GA3 (10%BS), 7.5 ppm GA4+7 (10%BS) and the 15 ppm GA4+7 (10%BS) 
treatments, for potential fertility assessed through bud dissection in June 2016. This indicates that 
the GA treatments applied possibly decreased the potential fertility compared to the untreated 
control, after one season of treatments applied. Given that the actual fertility (October 2016) of the 
untreated control had a significantly higher number of bunches per half-long bearer compared to the 





average number of bunches per vine compared to the 5 ppm GA3 (10%BS) treatment, it appeared 
that GA3 resulted in a decrease in return fertility. Two seasons of GA treatments resulted in a 
decreased fertility, when comparing the mean actual fertility (October 2016) to the mean potential 
fertility determined through forced budding (June 2017) and bud dissection (June 2017). For future 
studies, the initial potential and actual fertility, before the treatment commences, should be included 
as well as the actual fertility of the season following the last season's treatments, when investigating 
the effect of GA treatments on return fertility. 
The use of 5 ppm GA3 reduced the actual fertility of Sunred Seedless in this study, after one season 
of treatment application, compared to the untreated control. In further evaluations of the 5 ppm GA3 
treatment for thinning of Sunred Seedless and other cultivars or selections, this negative impact on 
the actual fertility must be considered when producers and/or researchers are considering higher 
dosages or multiple applications of GA3. 
The poor correlation between the potential fertility, assessed through bud dissection and forced 
budding, compared to the actual fertility results determined in the vineyard could be ascribed to 
experimental errors and/or the occurrence of primary bud necrosis (PBN) in dissected buds. 
Potential fertility assessments should therefore not be used for crop estimations, but rather only used 
to verify the pruning system recommended for a specific cultivar.  
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General conclusions and recommendations 
8.1 BRIEF OVERVIEW 
The study aimed to determine whether GA4+7 could be used as an alternative chemical thinning agent 
for cultivars, such as Sunred Seedless, that respond poorly to a GA3 treatment in order to improve 
quality and reduce production costs without negatively affecting return fertility. In this study, the 
thinning effect of a standard concentration of 5 ppm GA3 was compared to concentrations of GA4+7 
ranging from 7.5 ppm to 120 ppm, over two seasons. The treatments of GA3 and GA4+7 were applied 
at various phenological stages of the grapevine, ranging from 50% flowering to four days after berry 
set, over the two seasons. Due to an inadequate response to the thinning treatments applied in the 
first season, GA4+7 concentrations were increased in the second season, along with an adjustment 
to include an earlier phenological stage at application. The effect of these treatments was 
investigated to determine their effect on berry development and ripening, bunch structure and 
compactness, berry size distribution, rudimentary seed size and return fertility of Sunred Seedless. 
The study was performed in a commercial vineyard located on the premises of the ARC Infruitec-
Nietvoorbij experimental farm in De Doorns. Results of this study will contribute to scientific published 
results regarding the thinning effect of GA4+7, as well as the effect of GA3 and GA4+7 on bunch 
structure, rudimentary seed size and return fertility of table grapes.  
8.2 GENERAL DISCUSSION OF FINDINGS TO ORIGINAL OBJECTIVES 
8.2.1 Objective 1: Identify GA4+7 treatments for the effective thinning of table grapes (Sunred 
Seedless) by establishing the most effective phenological stage for application as well 
as the minimum GA4+7 concentration required compared to the standard GA3 
treatment. 
Bunch structure, compactness and berry size distribution results have to be assessed in order to 
determine the most effective phenological stage for applying a GA4+7 thinning treatment on Sunred 
Seedless, as well as the minimum concentration of GA4+7 required. Treatments of GA4+7 applied at 
different phenological stages and concentrations, ranging from 7.5 ppm to 120 ppm (over two 
seasons), did not prove to be effective for the thinning of Sunred Seedless. An increased sensitivity 
expressed as a significant increase in rachis diameter was observed for high rates as well as double 
applications of GA4+7 applied during 50% flowering when compared to a low rate and single 





number of shot berries reported per cm of lateral for treatments applied at 50% flowering and 80-
100% flowering compared to the untreated control.  
The earlier 5 ppm GA3 (10%BS) treatment (2015/2016 season), applied at berry set, produced 
bunches with the most desirable berry size classification, with the highest percentage of normal 
berries and the lowest percentage of shot berries. Sunred Seedless is known to respond poorly to 
GA3 treatments, compared to other commercial cultivars. Considering this inadequate response, the 
5 ppm GA3 thinning treatment applied at 80-100% flowering (2016/2017 season) delivered the most 
effective thinning treatment, taking the above mentioned results into consideration. The 5 ppm GA3 
treatment, applied at 80-100% flowering, significantly reduced the number total of berries per cm of 
lateral compared to untreated control.  
The 5 ppm GA3 treatment applied at 80-100% flowering and berry set should be evaluated further 
as thinning agent for Sunred Seedless and other cultivars or selections that respond poorly to 
standard GA3 thinning treatments, normally applied at 1-2 ppm. The use of GA4+7 applied at different 
phenological stages and at a range of concentrations were not effective for the thinning of Sunred 
Seedless.  
8.2.2 Objective 2: Compare the effect of different GA3 and GA4+7 treatments applied at 
different phenological stages of Sunred Seedless on bunch structure, rudimentary 
seed size and return fertility. 
8.2.2.1 Bunch structure 
Based on the bunch and berry mass measurements, applications during flowering resulted in a better 
thinning effect of Sunred Seedless. Bunch and berry mass measurements at harvest didn’t result in 
a specific trend with regard to a specific GA concentration and application timing combination that 
could be recommended for effective thinning in Sunred Seedless.  
The mean rachis diameter increased significantly for GA treatments applied after flowering. As 
mentioned in Section 8.2.1, Sunred Seedless experienced an increased sensitivity towards high 
rates and double applications of GA4+7 applied at 50% flowering, with significantly increased rachis 
diameters compared to the standard 5 ppm GA3 treatment.  
Based on the subjective visual assessment of bunch compactness, applying a GA thinning treatment 
at 50% flowering is too early for Sunred Seedless, as it resulted in bunches with straggly appearance. 
From the earliest to the latest phenological stage, the mean bunch compactness score decreased 
significantly, i.e. bunches became more compact. This indicates that the longer a GA thinning 





in more compact bunches if applied around berry set. These findings correspond with the results 
obtained with the quantitative bunch compactness measurements. The mean total and normal 
number of berries per cm of lateral length, as well as the number of berries per cm of lateral length, 
were reduced significantly by GA treatments applied during flowering. The application of GA 
treatments during flowering reduced fruit set in Sunred Seedless, however, applying a GA thinning 
application too early during flowering could result in overthinning and thus yield bunches with a 
straggly appearance. As mentioned in Section 8.2.1, the 5 ppm GA3 treatment applied at 80-100% 
flowering resulted in the most effective thinning, with a significantly reduced number of total berries 
per cm of lateral compared to the untreated control. 
The formation of shot berries was increased when GA was applied during flowering, indicating that 
Sunred Seedless has a higher sensitivity for the formation of shot berries when GA is applied during 
flowering. Based on objective bunch compactness measurements, the most effective phenological 
stage to apply a GA thinning treatment for Sunred Seedless was at the 80-100% flowering stage. 
There was, however, a negative side effect of increased shot berry occurrence. An increase in shot 
berry occurrence was also observed with the use of higher GA4+7 concentrations and double 
applications at the 50% flowering stage. 
The sensitivity of Sunred Seedless towards GA applications applied during early flowering, along 
with poor response for GA applications applied after flowering observed in this study, confirms why 
GA thinning treatments for this particular cultivar do not give economically acceptable results. More 
reoccurring trends regarding the bunch phenological stage at the time of application were observed 
in this study, rather than trends regarding a specific GA treatment and treatment rates. These results 
confirm that the timing of GA applications play a fundamental role in the treatment outcome for a 
specific cultivar.  
8.2.2.2 Rudimentary seed size 
The 5 ppm GA3 (10%BS) treatment, applied at 80-100% flowering and berry set in the 2015/2016 
season, significantly reduced the average rudimentary seed mass compared to the untreated control. 
A treatment effect was visible at berry set with a reduction in the total seed mass per berry for all GA 
treatments compared to the untreated control. Similar trends were not obtained during the 2016/2017 
season. Seasonal differences were observed, with a reduction in the overall rudimentary seed mass 
reported for the 2016/2017 season compared to the 2015/2016 season. A higher average 
temperature for the period between flowering and the early stages of fruit development could have 
contributed to delayed embryo abortion, resulting in the higher seed mass recorded for the 





The application of GA treatments during flowering resulted in an improved rudimentary seed size 
distribution, with an increased percentage in small rudimentary seeds. A possible response is visible 
for GA applied during flowering with a reduction in the size distribution of the rudimentary seeds 
compared to the treatments applied post-flowering.   
A trend was observed that applying GA treatments during flowering resulted in a decreased average 
seed mass per berry, as well as an improved rudimentary seed size distribution, with an increased 
percentage in small rudimentary seeds compared to GA applied during the early stages of berry 
development. The 5 ppm GA3 treatments applied at 80-100% flowering and berry set were the most 
promising treatments based on bunch structure results, as well as rudimentary seed results.  
8.2.2.3 Return fertility 
All treatments reached commercially acceptable bud break percentages of ≥ 80% in potential fertility, 
as well as actual fertility assessments. The GA3 and GA4+7 treatments applied did not affect the bud 
break of the experimental vineyard.  
A reduction in the mean number of bunches per sprouted bud was reported from June 2016 to June 
2017, for the potential fertility assessed through forced budding for similar treatments. The decrease 
in potential fertility recorded could be ascribed to a seasonal effect, due to no significant differences 
recorded between the untreated control and treatments within a season. Potential fertility assessed 
through bud dissections did not follow the same trend from June 2016 to June 2017, as mentioned 
above for forced budding. Potential fertility assessed through bud dissection in June 2016 indicate a 
significantly higher number of inflorescence primordia per bud for the untreated control compared to 
the 5 ppm GA3 (10%BS), 7.5 ppm GA4+7 (10%BS) and the 15 ppm GA4+7 (10%BS) treatments.  
The actual fertility determined in the vineyard in October 2016 indicated a significantly higher number 
of bunches per half-long bearer and number of bunches per vine for the untreated control, compared 
to the 5 ppm GA3 (10%BS) treatment. The use of 5 ppm GA3 reduced the actual fertility of Sunred 
Seedless in this study, after one season of treatment application, compared to the untreated control. 
The same results were not found for the GA4+7 treatments. This negative impact on the actual fertility 
must be considered when producers and/or researchers are considering higher dosages or multiple 
applications of GA3, in further evaluations of a 5 ppm GA3 thinning treatment of Sunred Seedless 
and other cultivars or selections. 
A poor correlation between the potential fertility determined through bud dissection and forced 





assessments should therefore not be used for crop estimations, but rather used to verify the pruning 
system recommended for a specific cultivar. 
8.3 RECOMMENDATIONS FOR FUTURE STUDIES 
In general, it is recommended to repeat the study for at least one more season, in order to verify 
results obtained, with specific reference to significant differences that were found for one of the two 
seasons. This could help determine if these differences could be repeated for another season, as 
well as to determine whether trends observed could develop into significant differences. In order to 
address research gaps, the following are recommended for repeating the existing trial and/ or similar 
new trials: 
• In future, the phenological stages at application included in thinning trials performed on 
Sunred Seedless, can include 80-100% flowering and 10% berry set.  
• In future, the viability of the primary bud, expressed as primary bud necrosis (PBN), should 
be noted for every bud position evaluated for potential fertility through bud dissections in 
order to determine whether a change in the fertility of the vine are due to treatments applied 
or PBN. 
• To accurately determine the effect of treatments on return fertility, the actual fertility for the 
experimental vineyard should be determined before treatment application, as well as the 
season following the last treatment application.  
• It is recommended that other PGRs such as ABA and ethylene, are included on their own 
and in combination with GA, to be evaluated as thinning agents for Sunred Seedless, as well 
as for other cultivars selected for similar trials.  
• In future, a multidisciplinary approach is recommended, where parallel to the field trial 
evaluations of PGRs, genomic studies are also included, to identify and quantify GA 
signalling components and availability of bioactive GAs, in order to contribute to 
understanding differences in the response obtained with treatments applied in the field trial. 
• If a cultivar’s or selection’s response to a specific PGR has not yet been established, or if 
standard practices do not deliver a commercially acceptable reaction, molecular studies 
should be performed first, in order to determine if and how the cultivar responds towards a 
specific PGR applied at different concentrations and phenological stages, under laboratory 






Table A.1: Berry diameter and length of marked Sunred Seedless bunches at harvest (2015/2016 season). 
Values designated by the same letters within a column or row do not differ significantly (p ≤ 0.05). 
T1 Untreated control 18.66 a 18.84 a 19.41 ab 21.87 b 22.10 ab 22.11 ab
T2 5 ppm GA3 (10%BS) 19.29 a 18.95 a 19.82 a 23.17 a 21.99 ab 23.29 a
T3 7.5 ppm GA4+7 (10%BS) 19.01 a 19.25 a 18.63 ab 22.12 b 22.44 ab 21.12 b
T4 15 ppm GA4+7 (10%BS) 18.89 a 19.08 a 18.42 b 22.29 b 22.30 ab 21.35 b
T5 30 ppm GA4+7 (10%BS) 18.98 a 18.59 a 18.43 b 21.87 b 21.23 b 21.10 b
T6 5 ppm GA3 (BS) 19.19 a 19.27 ab 18.53 bc 22.50 ab 21.90 ab 21.24 b
T7 7.5 ppm GA4+7 (BS) 18.84 a 18.81 ab 18.18 c 22.08 ab 21.86 ab 20.89 b
T8 15 ppm GA4+7 (BS) 18.87 a 19.31 ab 20.03 a 22.84 a 22.51 ab 22.97 a
T9 30 ppm GA4+7 (BS) 19.09 a 18.84 ab 19.53 ab 22.47 ab 21.98 ab 22.91 a
18.97 x 18.97 x 18.99 x 19.07 x 22.26 x 22.22 x 21.91 x 22.00 x
Treatment
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Table A.2: Berry diameter and length of marked Sunred Seedless bunches at harvest (2016/2017 season). 
Values designated by the same letters within a column or row do not differ significantly (p ≤ 0.05). 
T1 Untreated control 18.32 a 19.05 a 19.19 ab 20.24 a 21.48 ab 22.46 a 22.62 bc 23.72 a
T2 5 ppm GA3 (T) 18.21 a 19.01 a 19.49 ab 20.12 a 22.49 ab 22.85 a 23.19 abc 23.70 a
T3 7.5 ppm GA4+7 (T) 19.45 a 19.06 a 19.90 a 19.65 a 22.92 ab 22.98 a 24.09 a 22.80 a
T4 15 ppm GA4+7 (T) 18.38 a 18.89 a 19.23 ab 19.58 a 22.28 ab 22.77 a 22.67 bc 22.94 a
T5 30 ppm GA4+7 (T) 18.16 a 18.81 a 19.92 a 19.76 a 22.01 ab 23.48 a 23.84 ab 23.16 a
T6 60 ppm GA4+7 (T) 18.90 a 18.97 a 19.66 ab 19.98 a 23.52 ab 23.21 a 23.96 ab 23.54 a
T7 120 ppm GA4+7 (T) 18.97 a 18.44 a 19.58 ab 20.20 a 23.54 a 22.92 a 23.26 abc 23.78 a
T8 60 ppm GA4+7 (T+S) 18.59 a 18.54 a 18.86 b 19.32 a 23.36 ab 22.80 a 22.15 c 22.87 a
T9 60 ppm GA4+7 (S) 18.01 a 18.97 a 19.50 ab 19.91 a 21.29 b 22.46 a 22.67 bc 23.26 a












LSD p=0.05 1.57 1.08
Berry diameter (mm)
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Table A.3: Total soluble solids (TSS) and titratable acidity (TA) of marked Sunred Seedless bunches at harvest (2016/2017 season). 
 
Values designated by the same letters within a column or row do not differ significantly (p ≤ 0.05). 
T1 Untreated control 13.53 a 14.40 ab 15.08 a 15.65 a 7.49 ab 7.04 a 6.63 a 6.46 a
T2 5 ppm GA3 (T) 13.60 a 14.30 ab 14.83 a 16.58 a 7.74 ab 6.95 a 6.73 a 6.43 a
T3 7.5 ppm GA4+7 (T) 13.75 a 13.50 b 15.20 a 15.50 a 8.36 a 7.42 a 6.66 a 6.11 a
T4 15 ppm GA4+7 (T) 13.83 a 13.90 ab 14.43 a 15.30 a 7.44 b 7.26 a 6.86 a 6.44 a
T5 30 ppm GA4+7 (T) 13.93 a 14.48 ab 15.90 a 16.60 a 7.41 b 6.91 a 6.49 a 5.83 a
T6 60 ppm GA4+7 (T) 14.47 a 14.60 ab 15.80 a 16.30 a 6.94 b 6.89 a 6.35 a 6.08 a
T7 120 ppm GA4+7 (T) 13.90 a 14.43 ab 15.53 a 16.40 a 7.35 b 6.79 a 6.44 a 5.79 a
T8 60 ppm GA4+7 (T+S) 13.83 a 15.08 a 15.63 a 15.78 a 7.42 b 6.85 a 6.61 a 6.62 a
T9 60 ppm GA4+7 (S) 14.70 a 14.45 ab 15.65 a 16.65 a 7.18 b 7.47 a 6.46 a 6.27 a
13.95 z 14.35 y 15.34 x 16.08 w 7.48 z 7.06 y 6.58 x 6.22 w




1.50 1.65 0.90 0.82 0.54
Bunch phenological stage at application



















Table A.4: Average bunch mass (g) and berry mass (g) of marked Sunred Seedless bunches at harvest (2015/2016 season). 
 
Values designated by the same letters within a column or row do not differ significantly (p ≤ 0.05). 
T1 Untreated control 861.0 a 980.8 a 1174.8 a 5.03 a 4.82 bc 5.48 ab
T2 5 ppm GA3 (10%BS) 708.3 a 864.5 ab 1212.3 a 5.13 a 4.73 bc 5.62 a
T3 7.5 ppm GA4+7 (10%BS) 703.3 a 929.8 a 865.0 cb 4.78 a 5.43 a 4.47 c
T4 15 ppm GA4+7 (10%BS) 706.8 a 879.8 ab 964.7 abc 4.71 a 4.91 abc 5.19 abc
T5 30 ppm GA4+7 (10%BS) 749.5 a 909.8 ab 924.7 abc 4.72 a 4.84 abc 4.70 bc
T6 5 ppm GA3 (BS) 727.0 ab 833.0 c 994.0 ab 4.66 bc 4.46 c 4.75 a
T7 7.5 ppm GA4+7 (BS) 664.0 b 847.5 c 741.3 b 4.33 c 4.71 bc 4.37 a
T8 15 ppm GA4+7 (BS) 948.3 a 972.5 abc 1152.0 a 5.07 ab 4.86 abc 5.11 a
T9 30 ppm GA4+7 (BS) 785.3 ab 886.0 cb 899.0 ab 4.86 abc 4.80 bc 5.17 a






















Bunch phenological stage at application






















 Table A.5: Average bunch mass (g) and berry mass (g) of marked Sunred Seedless bunches at harvest (2016/2017 season). 
Values designated by the same letters within a column or row do not differ significantly (p ≤ 0.05). 
T1 Untreated control 373.5 ab 591.3 a 728.0 a 709.0 b 5.05 ab 4.65 a 5.19 ab 5.16 a
T2 5 ppm GA3 (T) 254.0 b 441.5 a 810.0 a 871.0 ab 4.80 ab 4.73 a 4.87 ab 5.80 a
T3 7.5 ppm GA4+7 (T) 346.0 ab 599.0 a 981.5 a 926.0 ab 5.36 a 5.30 a 5.40 a 5.09 a
T4 15 ppm GA4+7 (T) 403.3 ab 555.8 a 850.5 a 1019.0 a 4.70 ab 4.85 a 5.00 ab 5.32 a
T5 30 ppm GA4+7 (T) 362.3 ab 513.5 a 948.0 a 953.5 ab 4.66 ab 4.61 a 5.19 ab 5.52 a
T6 60 ppm GA4+7 (T) 354.0 ab 518.8 a 823.5 a 900.5 ab 4.79 ab 4.87 a 5.33 ab 5.64 a
T7 120 ppm GA4+7 (T) 412.8 ab 524.0 a 861.5 a 1099.5 a 4.47 ab 4.93 a 5.28 ab 5.45 a
T8 60 ppm GA4+7 (T+S) 274.8 ab 516.5 a 798.0 a 858.5 ab 4.73 ab 4.44 a 4.82 b 5.02 a
T9 60 ppm GA4+7 (S) 442.7 a 508.5 a 873.5 a 987.8 ab 4.25 b 4.71 a 4.95 ab 5.13 a
358.1 z 529.9 y 852.7 x 925.0 w 4.8 x 4.8 x 5.1 x 5.3 x
Bunch phenological stage at application
276.3LSD p=0.05 284.8174.2 196.2 1.07 0.95 0.56 0.83
Treatment






















Table A.6: Pre-harvest and at harvest bunch lengths of marked Sunred Seedless bunches (2015/2016 season). 
Values designated by the same letters within a column or row do not differ significantly (p ≤ 0.05). 
T1 Untreated control 19.85 a 21.34 a 18.94 ab 20.85 abc 19.77 a 16.73 b
T2 5 ppm GA3 (10%BS) 20.02 a 20.10 a 20.05 a 20.61 abc 19.96 a 22.80 a
T3 7.5 ppm GA4+7 (10%BS) 20.13 a 20.91 a 19.40 ab 21.73 ab 18.38 a 20.72 ab
T4 15 ppm GA4+7 (10%BS) 19.50 a 20.53 a 20.29 a 20.99 abc 20.69 a 22.16 ab
T5 30 ppm GA4+7 (10%BS) 19.26 a 20.16 a 20.22 a 21.90 a 20.10 a 21.28 ab
T6 5 ppm GA3 (BS) 18.67 ab 19.14 c 19.32 a 20.56 ab 18.02 b 19.71 a
T7 7.5 ppm GA4+7 (BS) 19.24 ab 18.99 c 19.91 a 20.37 ab 19.76 ab 20.20 a
T8 15 ppm GA4+7 (BS) 19.34 ab 20.79 abc 20.10 a 21.32 ab 20.98 a 21.91 a
T9 30 ppm GA4+7 (BS) 18.24 b 19.63 bc 19.84 a 20.29 ab 18.82 b 19.54 a
19.75 x 20.61 x 19.38 x 20.51 x 19.79 x 20.69 x 19.40 x 20.34 x














































Table A.7: Pre-harvest and at harvest bunch lengths of marked Sunred Seedless bunches (2016/2017 season). 
Values designated by the same letters within a column or row do not differ significantly (p ≤ 0.05). 
T1 Untreated control 17.09 a 19.67 abc 18.99 ab 21.95 a 20.42 a 21.79 a 21.29 a 23.67 a
T2 5 ppm GA3 (T) 16.90 a 19.46 abc 18.48 ab 21.13 a 19.38 a 22.62 a 20.86 ab 22.38 a
T3 7.5 ppm GA4+7 (T) 14.66 ab 18.02 c 19.91 a 21.83 a 20.79 a 23.97 a 20.54 ab 22.23 a
T4 15 ppm GA4+7 (T) 16.68 ab 21.21 ab 18.55 ab 21.31 a 20.79 a 23.47 a 20.66 ab 23.09 a
T5 30 ppm GA4+7 (T) 16.47 ab 20.78 abc 18.89 ab 22.31 a 19.67 a 23.12 a 19.67 b 21.74 a
T6 60 ppm GA4+7 (T) 14.27 b 18.55 bc 17.12 b 20.82 a 21.50 a 23.59 a 20.34 ab 22.00 a
T7 120 ppm GA4+7 (T) 15.90 ab 19.54 abc 18.34 ab 20.18 a 20.38 a 23.82 a 20.56 ab 22.11 a
T8 60 ppm GA4+7 (T+S) 16.22 ab 19.46 abc 19.52 a 21.91 a 20.59 a 24.35 a 20.42 ab 22.35 a
T9 60 ppm GA4+7 (S) 17.06 a 22.38 a 18.52 ab 20.82 a 19.54 a 22.92 a 19.96 ab 22.04 a
16.14 z 19.90 z 18.70 y 21.36 y 20.34 x 23.29 x 20.48 x 22.40 w
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